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By 


Folke G. Back 


The material described in this paper has been collected in the summer of 
1957 in the course of mapping activities for the Boliden Mining Company at 
Dalovardo in the north-western Caledonides of Vasterbotten. The mapping 
was carried out under the leadership of Dr. Nils Marklund. 

The examined occurrence of talc-schists and chlorite-schists with inclusions 
of dolomite at Dalovardo forms part of the sequence overlying the so-called 
Dalovardo arkose, a stage in the Mesket Series of the Vasterbotten Mountains 
proper (MARKLUND, 1956). The approximate extension of the Dalovardo arkose 
can be seen on Fig. 1. According to MarKLUND the arkose seems to belong to 
the upper Middle or Upper Ordovician. 

In 1957 MarKLuND and the present author carried out a detailed mapping 
on a fairly large scale of the northern part of the region between Dalovardo and 
Birdotjarro. The part of the sequence shown on the sketch-map, Fig. 2, attracted 
attention by the occurrence of a horizon with conglomerate-like structure in 
the series of chlorite-schists which overlie the Dalovardo arkose between 
Dalovardo and Birdotjarro. Here the strike of the rocks is rather variable, the 
dip being on the whole rather gentle (15—30°) towards west to south. In Section, 
Fig. 4, the following sequence of strata has been measured in descending order: 


ee Oe et et pee ee ee ne Opec, 1562 
Beate oc US eee ee eee fO=Ts Cin y, s» Spec, 1563 
Upper part of the “conglomeratic” schist. . 20cm .. . Spec. 1564 
Middle part of the ‘“‘conglomeratic” schist . 30cm .. . Spec. 1565 
Lower part of the “conglomeratic” schist. . 20cm... . Spec. 1566 
imei -sChictaet) Vea es. . ee BO CIN. spec. 1567 A,B 
a versC ict ner eer ote Ty em ee eee eee Ste Spec, 1568 


The “conglomeratic” horizon is characterized by ovoid pebbles of dolomite, 
to which on account of their feeble resistance is due a characteristic sculpture on 
the weathered surface (Fig. 5). The total thickness reaches 70 cm. In the 
“conglomeratic”’ horizon itself a central zone, 30 cm thick, with large pebbles 
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Fig. 1. The approximate extension of the Dalovardo arkose according to N. Marklund (1957). 


(up to 25 cm) is distinguished. Most of them are 8-12 cm. The material of 
the pebbles exhibits furthermore transitions to “boudinaged” layers with a 
thickness of about 3-4 cm. On either side of the central zone, separated from 
it with sharp boundary, occurs a zone, 20 cm thick, with carbonate pebbles 
of considerably smaller size, varying from some millimetres to one or two 
centimetres (Fig. 3). The ‘“conglomeratic” horizon is intercalated in chlorite- 
schists, merging into talc-schists which form the top and the bottom of the 
section. 

Owing to scarceness of exposures the ‘“‘conglomeratic” horizon could be 
followed over a distance of about 50 m only. 

An occurrence of schistose peridotite in zoisite-amphibolite (GRIP, 1933) 
from Srattekjaure, Ammarfjallet, described by Du RiETz (1935) shows a similar 
weathering surface with numerous ovoid cavities due to dissolved accumula- 
tions of carbonate. 

Some 20 m north of the “‘conglomeratic” schist of Section 1, a horizon of 
dolomitic chlorite-schist probably of similar nature extends conformably to the 
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Fig. 2. Geological sketch-map of the area. 


former (Fig. 2). Here, however, ‘‘conglomeratic” pebbles are lacking and the 
dolomite is present as porphyroblasts poikilitically studded with small grains of 
quartz. The dolomitic chlorite-schist is intercalated in talc-schist of the same 
kind as in the section dealt with above. The strike of the horizon is on the 
whole SE-NW, but turns towards the south in the south-eastern part. ‘he 
intergration analysis of this chlorite-schist (Spec. 1583, ‘Table 3) shows that its 
mineral composition is rather similar to that in Section 1. Fig. 4 shows, where 
in Section 1 the thin sections have been taken. When taking the hand specimens, 


4* — 603287 


4 FOLKE G. BACK 


Fig. 3. The middle part of the ‘“‘conglomeratic”’ schist with sharp boundaries against the upper 
and lower parts. 


the orientations of some s-surfaces appearing in the rocks have been recorded. In 
Section 1, the planes of schistosity have a strike of N 60°W, dipping 30° towards 
S 30°W. In the following the rocks of Section 1 are described in ascending 
order from bottom upwards. 


Spec. 1568. — The rock is a greyish-green talc-biotite-schist fairly rich in 
quartz. The distance between the s-surfaces is rather uniformly 1-1.5 mm. 
The texture is lepidoblastic with porphyroblastic scales of biotite and grains of 
ore. The size of the rounded scales of biotite is about 0.5 mm. 2V, of the biotite 
is 10-15°. It exhibits a poikiloblastic texture with small enclosed grains of 
quartz. ‘The main components of the schist are talc in small scales, fine-grained 
quartz, and plagioclase. For the composition and the optical properties of 
the plagioclase, see Spec. 1567 A. The plagioclase never exhibits cleavage, nor 
twinning. Owing to the difficulty to distinguish the fine-grained quartz from 
the plagioclase under the microscope these two minerals have been counted 
together in the intergration analysis, the free quartz afterwards being determined 
chemically according to the phosphoric acid method of Hirscu and DawiHt 
(1932). The modal composition of the schist is given in Table 3, Spec. 1568. 
Talc enters with more than 50%. Its colour is pale-green. A pronounced 
orientation parallel to the schistosity is observed. Grains of ore and crystals of 
apatite are fairly abundant. Neither carbonate nor chlorite have been observed. 
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Fig. 4. Section 1. 


Spec. 1567 B. — Chlorite-biotite-schist. The mica minerals are not as 
strongly concentrated along the s-surfaces as in Spec. 1568, but are more 
uniformly distributed over the thin section. The texture is, however, still 
distinctly lepidoblastic. ‘The brown scales of biotite, enclosing small grains of 
quartz, retain their distribution, and are in part orientated with the (oo1)-faces 
perpendicular to the s-surfaces. Here and there, fairly large grains of quartz 
and plagioclase are interspersed. Chlorite occurs as a small-meshed network. 
It exhibits no anomalous interference colour. Occasionally chlorite and biotite 
are intimately intergrown, and the chloritization of the latter in its outer por- 
tions is clearly visible. The amount of talc is 0.5 %. ‘The distinction between this 
mineral and eventual muscovite is difficult, however, distinct dispersion r>wv 
and 2V,=20° make it probable that we have to do with the former. The modal 
composition of the chlorite-schist is found in Table 3, Spec. 1567 B. 

The grains of ore consist at least in part of ilmenite, as indicated by local 
occurrence of marginal leucoxene. The presence of grains of biotite orientated 
perpendicularly to the schistosity has been mentioned above. This becomes 
more conspicuous higher in the section, since we find there real quer- 
glimmer indicative of the appearance of a second generation of biotite. 'Ti1- 
tanite and apatite enter accessorily. 


Spec. 1567 A.— The chlorite-schist has here become still more homogenized, 
although certain light bands, richer in quartz and plagioclase can be observed. 
Most of the grains of the quartz and the plagioclase exhibit an elongated shape 
parallel to the schistosity. Porphyroblasts of biotite and light-green mica 
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Table 1. Chemical and mineralogical composition of Spec. 1567 A. 


Analyst: Centrala Analyslab., Uppsala. 


: Mineralogical composition 
Oxides Weight, % Niggli values 
Mineral Mode determ, Mode cal. 

SiO, 60.17 si= 207.6 Quartz les 26.5 1} 
iO; 0.96 tier Plagioclase ; 34.8 (Ab,;) 
Al,O; 15.00 al—=—30,5 Chlorite 42.5 29.7 
Fe,O, 0.19 fm= 47.4 Biotite 3.6 2.4 

FeO 6.63 c= 8.2 Fuchsite Def 1.4 
MnO 0.063 alk= 13.9 Dolomite y7; ZrO 
MgO a7 k= 0.06 Ore and 
CaO 2.21 mg= 0.6 accessories 3.0 22 
Na,O 3-91 c/im= 0.2 
K,O 0.39 qz= + 51.9 
BOF 0.142 COp= 5.4 
CO; 1.14 p= 0.2 
H,O* Oe 2.85 S,= 0.0 
S 0.002 
Gr + 

99.027 100.0 100.0 


1 Chemically determined. Anal: B. Almqvist. 


(fuchsite) occur. Now, carbonate has made its appearance in the form of 
dolomite in thin bands or lenses (2 mm). The plagioclase is still without cleavage 
and twinning. The size of the grains of quartz and plagioclase varies between 
25 and 75 w. Chlorite appears in abundance in the shape of rounded scales (ca. 
25 4) orientated parallel to the principal s-surface. 2V, is small and positive. 
X=Y-=pale yellowish-green, Z=colourless to pale-green, n, =ng=1.616 (ac- 
cording to the immersion method), n,—n, =0.002-0.008. 

The chemical and the modal composition of the schist (Table 1) indicate that 
the chlorite is very rich in Al. Biotite and pale-green mica (fuchsite) occur as 
quer-glimmer. Also apatite and titanite are again encountered, the latter 
often intimately associated with the biotite. As in Spec. 1568, the ilmenite 
is surrounded by a fringe of leucoxene. Potassium felspars are missing altogether, 
as is proved also by the chemical analysis. 

A method, described by Kauma and Mixxora (1946), has been tried for 
determining the modal composition of the schist and, at the same time, the 
lowest refractive index of the respective minerals. It proved, however, to be of 
limited applicability in this case but resulted, nevertheless, in a good deter- 
mination of n,=1.537-1.539 for the plagioclase answering to the composition 
Abg7_79 (T'SUBOI, 1923). 

The Niggli values of the chlorite-schist are given in Table 1. Compared 
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Fig. 5. Fresh surface of the middle part of the ‘“‘conglomeratic”’ schist (Spec. 1565). 


with the analyses of lamprophyres and ultrabasic rocks given by NIGGLI (1923) 
our chlorite-schist exhibits a considerable similarity with a lamprophyric diabase 
porphyry from Remigiusberg described by LEeppia (1882). The modal composi- 
tion of the chlorite-schist, as calculated from the chemical analysis, is given in 


able 1, Col. 6; 


Spec. 1566. — The lower part of the “conglomeratic”’ schist (20 cm) consists 
of ovoid accumulations of dolomite packed en echelon parallel to the schistosity, 
and diffusely delimited against a surrounding shell of chlorite (Fig. 6) which 
also forms a kind of matrix. The pebbles reach a size of up to ca. 15 mm. Apart 
from the chlorite, the matrix consists of fine-grained quartz and plagioclase 
with granoblastic development, elongated parallel to s. The basis (oor) of the 
chlorite is orientated parallel with the s-surface, forming thin layers with 
thicknesses up to 0.75 mm. The micas exhibit quer-stellung, but are in 
addition grouped radially around a centre. Chlorite and biotite are occasionally 
intimately intergrown. Together with them crystals of titanite and scattered 
crystals of apatite occur. 

The pebbles contain not only dolomite, but also greater or smaller 
amounts of the minerals of the matrix. The dolomite includes numerous small 


grains of quartz. Its refractive index: 2, =1.669, m, =1.489, 1-1, =0.180. 


Spec. 1565. — The middle part of the “conglomeratic” schist (Figs. 3 and 5) 
has a maximum thickness of 30 cm. The pebbles have a core of homogeneous 
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Table 2. Chemical analysis of Spec. 1565. 
Analyst: Centrala Analyslab., Uppsala. 


Oxides Weight, % Pai fe Mol. prop. 
SiO, 36.83 
TiO, 0.12 
Al,O, 1.99 (0.0195)—(0.0073)? = (0.0122)! 
Fe,O, <0.05 
FeO 4.12 0.0574 0.0574 
MnO 0.20 0.0028 0.0028 Ee 
MgO 10.33 0.2562 0.2562 
CaO 17.94 0.31991 0.3077 
Na,O 0.084 (0.0013) a 
K,O 0.56 (0.0060) ores 
CO, 27.45 0.6239 0.6239 
jee, 0.024 
is ae 0.12 
S) 0.001 
Cr + 
99.819 


1 90,0122 of CaO is placed in the anorthite. Rest =0.3077. 
2 0.0073 is placed in alkalifeldspars. 


dolomite with clean joints between the grains. The grains of carbonate include 
numerous grains of quartz. As in Spec. 1566, the ovoids are surrounded by a 
shell of chlorite. At the tapering ends of the pebbles, accumulation of equi- 
granular quartz and plagioclase is generally to be seen. Refractive index of the 
dolomite: 1, =1.672, n,=1.503, N,—N, =0.169. 

Occasionally the pebbles of dolomite are more or less speckled with green 
spots, and are sometimes traversed by streaks of chlorite (Fig. 5). The green 
colour is conditioned by Cr-mica (fuchsite) containing 1.02% Cr,O3. (Analysis 
by Centrala Analyslaboratoriet, Uppsala.) The optical data of the fuchsite are: 
2V,=42°, F>V, Ng =1.595, 2, =1.599. The chemical analysis of a homogeneous 
portion of a pebble shows that the carbonate component is dolomitic with a 
considerable admixture of carbonate of Fe?* and Mn?* (Table 2). The low 
content of Fe®* is remarkable. 


Spec. 1564. — The upper part of the “conglomeratic’” schist (20 cm) is 
distinctly schistose, the chlorite being orientated along the s-surface. Dolomite 
occurs abundantly, and encloses small grains of quartz in a poikiloblastic 
manner. ‘The grains of dolomite are usually scattered, but here and there pebbles 
of larger size with a shell of chlorite are observed. The surrounding matrix 


consists of angular grains of quartz and plagioclase. Quer-glimmer are fairly 
abundant. 
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Fig.6. Pebble of dolomite with the surrounding mass of chlorite. (Spec. 1566). Nicols crossed. 
50%. 


spec. 1563. — Chlorite-schist rich in dolomite (Table 3). The biotite is 
pleochroic with , colourless and n, pale yellowish-brown. It_is concentrated 
to certain layers, and is intimately intergrown with chlorite originating from 
the former. 


Spec. 1562. — The rocks overlying the section are talc-schists indentical 
with those below it. The mineral composition of the talc-schist is given in 
Table 3, Spec. 1562. 

The author has arrived at the conclusion that the mother rock of this so-called 
dolomite ‘‘conglomerate” may have been a rock of peridotitic character. None of 
the original minerals have, however, survived. The altered rock is situated in 
an environment with, according to HEss (1933), is apt to result in a complete 
transformation of ultrabasic eruptive rocks by hydrothermal solutions. ‘The 
schistose peridotite at Srattekjaure (Du RIETZ, 1935), mentioned above, exhibits a 
different mineral association. Here the peridotite has been in part very intensely 
altered, while other portions have retained even the original olivine. As second- 
ary minerals appear tremolite, carbonates (partly breunnerite, partly ankerite), 
chlorite (penninite), talc, and serpentine. The ankerite occurs in the most 
intensely transformed portions, the breunnerite in the less affected. The 
environment is here, however, of a different character, the rocks enclosing the 
peridotite being zoisite-amphibolites. 

As can be seen from Table 3, several of these minerals, which are typical 
for transformed peridotites, are missing in the Dalovardo schist. There the 
chlorite is rich in Al, and does not exhibit the anomalous interference colours of 
the penninite. If the “conglomerate” has been derived from an olivine rock, the 
latter must have been considerably altered by the addition of Al and SiO,. The 
content of Cr°* admittedly speaks for an ultrabasic origin, but being rather 
mobile, the presence of Cr®* cannot be regarded as a definite proof. 


A DOLOMITIC PSEUDO-CONGLOMERATE II 


It might also be imagined that the dolomite ‘“‘conglomerate”’ has originated 
from an impure carbonatic horizon which has become boudinaged in the course 
of the subsequent metamorphosis, and has acquired conglomeratic structure. 
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Ubersicht tiber Vorkommen und Deutung 
von nephelinfiihrenden Gesteinen in Tiefenfazies mit 
plan- und linearparallelen Gefiigen 


Nephelin gilt im allgemeinen als ein fiir magmatische Alkaligesteine charak- 
teristischer Gemengteil. T'rotz, dass in einer Reihe von Arbeiten Nephelin als 
Mineralkomponente von Gneisen und Schiefern syenitischer Zusammensetzung 
bekanntgemacht wurde, wird seine Behandlung in zusammenfassenden Dar- 
stellungen tiber metamorphe und metasomatische Gesteinsbildung gemieden. 

Die erste Nachricht tiber Nephelin als Bestandteil eines als kristallinen 
Schiefer bestimmten Jadeit-Plagioklas-Gesteines aus Tibet gab 1896 M. Bauer, 
wobei auch die Konsequenzen dieses Befundes fiir die petrogenetische Stellung 
des Nephelins angedeutet wurden. Flr Gesteine nephelinsyenitischen Mineral- 
bestandes war es A. OSANN (1907) der erstmals ein Beispiel solcher durch Regio- 
nalmetamorphose umgewandelter und als nephelinreiche Gneise vorliegender 
Gesteine nennt. Diese bei Cevades (Provinz Alemtejo/Portugal) als flachlinsen- 
formige Einlagerungen zwischen anderen kristallinen Schiefern, die als Para- 
gesteine bezeichnet werden, vorkommenden Nephelingneise haben nach 
OsaNN Orthocharakter und sollen ihr Parallelgefiige durch kristalloblastische 
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Umkristallisation erhalten haben, das zusatzlich noch durch postkristalline 
Kataklase verscharft wurde. 

Dann finden sich eine Reihe von Angaben iiber parallelstruierte Nephelin- 
syenite, wo zwar deren gneisig-schiefriges.Gefiige erwahnt ist, doch ohne dass 
tiefgreifendere Schlussfolgerungen auf die Entstehung dieser gerichteten 
Gefiige — und dem Verhalten des Nephelins bei derselben — gezogen werden. 
So hat TORNEBOHM 1906 den Katapleitsyenit von Norra Karr, dstlich des 
Vattern-Sees in Siidschweden, als ein Gestein bezeichnet, das mehr einem 
kristallinen Schiefer, als einem Eruptivgesteine gleicht. Es wurde dann doch - 
schliesslich als eine mehr effusiv, als plutonische Fazies eines Eruptivgesteines 
bezeichnet. — I. F. O. Apams & A. E. BarLow (1909) haben die schon seit 
1894 aus dem éstlichen Ontario/Canada bekanntgemachten Alkali- und Nephe- 
linsyenite, die als eine zu einem Granit gehérige und an Kontakten zu Kalk- 
steinen vorkommende Differentiationsfacies beschrieben sind, als durchwegs 
gneisartig entwickelt bezeichnet. 1914 machte P. QUENSEL einen Canaditgneis 
bekannt, der als Randfacies zwischen dem zentralen Teile des aus Umptekiten 
und Canaditen bestehenden Alkalimassivs von Almunge, 25 km éstl. Uppsala/ 
Schweden, und dem angrenzenden Granite vorkommt. Das Parallelgefiige wird 
als durch Protoklase entstandene Fliesstruktur aufgefasst. A. Lacroix hat in 
seinen Arbeiten tiber die Alkaligesteinsgebiete auf Madagascar und Haut- 
Tonkin, Indochina, mehrfach auf den gneisigen Charakter solcher Bildungen 
hingewiesen. Besonders 1928, wo er den als Intrusivgestein bezeichneten 
Nephelinsyenit von Maharaingo, als einen Nephelingneis bezeichnet, der seine 
granoblastische Struktur verloren hat. EskoLaA & SAHAMA beschreiben 1930 
einen astrophyllitfiihrenden Nephelinsyenit-Gneis, der jedoch nur als Block 
im Gebiete von Kiihtelysvaara/Ostfinnland angetroffen wurde. Die Verfasser 
schliessen sich fiir die Entstehung des Parallelgefiiges den Auffassungen von 
LACROIX und QUENSEL an, wonach diese primar gneisigen Gefiige als Resultate 
marginaler Magmabewegungen im Alkaligesteinskérper zu erklaren sind. 
Schliesslich liegen aus dem Ural eine Reihe Angaben iiber schiefrige Nephelin- 
syenite vor. In russischer Sprache, die leider vom Verfasser nicht gelesen wird. 
BroccERs Protoklase (1890), die fiir die Deutung des streifig-schiefrigen 
Gefiiges der Ditroite (cancrinit- und sodalithfihrende Nephelinsyenite) im 
Oslofelde herangezogen wird, wird auch bei UssiNG (1912) flr die Entstehung 
des schiefrigen Gefiiges in den Lujavriten des Ilimaussaq-Batholithen in SW- 
Gronland verantwortlich gemacht. Dasselbe gilt fiir Ramsey (1894), der 
fluidalfasrige Nephelinsyenite als endomorphe Kontaktmodifikationen im 
Umptek-Massive/Kola nennt. Morozewicz (1930) machte eingehend minera- 
logisch-petrochemisch die z. Tl’. gneis- und schlierenformig auftretenden Mariu- 
polite aus der Ukraine bekannt, die auf Grund ihres hohen Na- und Zr-Gehaltes 


1 Von diesen Betrachtungen sind doch solche Vorkommen ausgeschlossen, deren Parallel- 
gefiige als rhytmischer oder arhytmischer Lagenbau entstanden durch magmatische Schichtung 
etklart werden kann (z.B. Bereiche von Umptek, Ilimaussaq, etc.). 
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den Grennaiten von Norra Karr recht nahe stehen. Sie werden als magmatische 
Differentiationsprodukte aufgefasst. TiLLEy (1942) schliesst doch in seinem 
Aufsatz ber “Nephelin-Paragenesen” den Mariupolit-Nephelin von denen 
magmatischer Entstehung aus. 

Das Vorkommen alkalischer Tiefengesteine in Siidafrika ist sehr oft mit 
vulkanischen Aquivalenten verkniipft. Schiefrige alkalische Tiefengesteins- 
varieteten (Lujavrite, Foyaite) sind von Pilansberg/Transvaal (BROUWER, I9g10, 
1912), von den Vorkommen der Franspoort-Linie, 100 km 6stlich Pilansberg 
(BROUWER 1910) und Spitskop im Sekkuniland (BROUWER IQ10, SHAND 1921, 
Strauss & ‘TRUTER 1950) bekannt gemacht wurden. Davon sollen die Vor- 
kommen von Pilansberg (BRouWER 1914) und Spitskop (Strauss & TRUTER 
1950) ,,ring-dykes‘‘ angehoren. 

Uberlegungen iiber die Entstehung der Parallelgefiige an afrikanischen 
Vorkommen stellte m.W. nur Brouwer (1912) fiir die schiefrigen Gefiige der 
Lujavrite von Pilansberg an. Sie wurden nicht als durch Stromungsbewegungen 
im Magma entstanden aufgefasst. Es fehlt hierfiir nach ihm die lineare Parallel- 
anordnung der Agirinnadeln. Auch der schlierige Wechsel von planparallel- 
struirten und mehr gefiigeisotropen Bereichen wird als yerneinender Hinweis 
gerechnet. Fiir die Entstehung der wechselweise grob- und feinkornigen Luja- 
vrite macht Brouwer hydrostatische Druckanderungen, verkniipft mit zeit- 
weiliger Zufuhr von Emanationen und wechselnde Viskositatsbedingungen 
verantwortlich. Hierbei einseitig gerichteter Druck soll die planaren Gefiige 
verursacht haben. 


Zum Begriff der Protoklase 


In den alteren oft sehr ausfiihrlich mineralogisch-petrochemischen Darstel- 
lungen, hat man fiir die nicht weniger wichtige strukturelle Seite der Sache oft 
nur recht summarische Vorstellungen tiber die Bildung schiefriger Gesteins- 
gefiige. Ohne hierbei vorerst den Wert des Protoklase-Begriffes einschranken zu 
wollen, scheint er doch sehr oft als einzig denkbare Erklarung ein Anker in der 
Not gewesen zu sein. Nach BROGGER (1890) werden solche Erscheinungen als 
, protoklastisch*‘ oder durch ,,Protoklase‘‘ entstanden bezeichnet, wo in einem 
Erstarrungsgestein das Erstkristallisat durch mechanische Einwirkung (Fliess- 
bewegung, squeezing, etc) zerbrochen und ihm eine bestimmte Textur aufge- 
zwungen ist. Als Protoblastese oder als protoblastisch, bezeichnet WEBER 
(1913) ,,jene Art von Kristalloblastese, welche in Erstarrungsgesteinen in un- 
mittelbarem Anschluss an die Erstarrung entsteht‘‘. Diese Begriffe haben somit 
fiir autometamorphe Prozesse gleiche Bedeutung, wie Kataklase und Kristallo- 
blastese in der Metamorphose. 

Nun ist die Frage, ob eine Unterscheidung von Protoklase/Protoblastese und 
Kataklase/Kristalloblastese in einem vorliegenden Gesteine moglich ist, ohne 
dass von vornherein ein Standpunkt hinsichtlich der Entscheidung magmatisch. 
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oder metamorph bezogen sein muss. Es wurde ja besonders von SANDER immer 
wieder darauf hingewiesen, dass es im Prinzip keinen Unterschied zwischen den 
Bewegungsbildern in hochteilbeweglichen, gerichtete Drucke leitenden Festem 
und im Fliissigen gibt. Es kann darum auch kein Universalrezept geben, um 
hochteilbeweglich feste von fliissigen Bewegungsbildern zu trennen. Gewiss 
gibt es Gefiigemerkmale, die mehr fiir das eine, als das andere sprechen, ohne 
doch im Ubergangsbereich das Gegensitzliche auszuschliessen. So sind z.B. 
nach SANDER Merkmale fiir Gefiige entstanden durch Drucke und Leitung im 
teilbeweglich ,,Festem“ Scherflachen der Zonen hol, ok, hko, alle sich kreuzen- 
den Gefiigeflachen, und vor allem die Regel der Stauchfaltengrosse. Ferner alle 
typischen Kennzeichen fiir s- und B-Tektonite. Fiir im fliissigen Zustand 
entstandene Gefiige ist es vor allem ein starkes Vorherrschen von a als reines 
Lineargefiige, ohne dass eine Symmetrieebene| a existiert, und schliesslich 
das Fehlen der Regel der Stauchfaltengrésse. Doch wie gesagt, je hoher der 
Teilbeweglichkeitsgrad im Drucke leitendem Festen ist, desto mehr werden 
die beiderseitigen Kriterien verwischt. Es ist darum anzunehmen, dass die 
friihere Anwendung des Begriffes Protoklase/Protoblastese mehr auf apriorische 
Vorurteile, als auf gepriifte Sachverhalte baute. 

SANDER (1948) fordert fiir Protoklase, dass das zerbrochene Mineral A einer 
nachweislich friithesten Kristallisation (im Schmelzflusse) durch das Mineral A 
der gleichen Generation verheilt sein mége. Fur unsere nephelinsyenitischen 
Gesteine, wie alle anderen sauren bis intermediaren 'Tiefengesteine, steht zur 
Frage, ob diese Forderung und damit der Begriff der Protoklase aufrechterhalten 
werden kann, wenn man teils der strikten Ablehnung jeglicher Schmelzflissig- 
keit bei Tiefengesteinsbildung durch die Transformisten begegnet und selbst 
Ture, der derzeitig fiihrende Magmatist, granitische Gesteine als Festkérper- 
kristallisate auffasst, deren Bildung einer relativ niedrig temperierten Nachphase 
zugeschrieben wird (vgl. MEHNERT 1959), die die Erstkristallisationen entweder 
ausmerzte oder unkontrollierbar tiberlagern konnte. Damit ware aber die 
Entwicklung im Kristallisate tiber die von SaNpER geforderten Protoklase- 
Kriterien hinausgegangen und fiir das Festkristallisat sind eben die Turen fiir 
alle méglichen Deutungen, je nach genetischem Geschmack, gedfinet. Es 
scheint mir darum zweckmassig, fiir saure bis intermediare kornige Tiefen- 
gesteine den Protoklase/Protoblastese-Begriff wegen Fehlens eindeutiger Kri- 
terien fallen zu lassen, und an seine Stelle eine gefiigekundliche Charakterisie- 
rung zu setzen, die die Formungsbilder objektiv beschreibt, sie mit denen der 
umgebenden Hiille konfrontiert, um so dann auf den von SANDER (1948) vor- 
gezeichneten Wegen die Entscheidung ,,Amplatz- oder Einstromungsgefiige™ zu 
treffen. 

Von einigen obengenannter Vorkommen sind inzwischen Neubearbeitungen 
oder Umdeutungen erschienen. So z.B. WEGMANN’s (1938) transformistische 
Gesichtspunkte auf die Lujavrite des Ilimanssaq-Batholithen, die SORENSEN 
(1958) mit eigenen und anderen Anschauungen konfrontiert. Aus dem Bancroft- 
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Gebiete/Ontario liegt u.a. fiir die parallelstruierten Nephelingneise eine 
Umdeutung von GumMER & Burr (1946) vor, die sie als nephelinisierte Para- 
gneise sehen. Vgl. hierzu TURNER & VERHOOGEN’s (1960) abstraktierende Zu- 
sammenfassung tiber ,,metasomatische Nephelinsyenite“. Das Almungegebiet 
bei Uppsala wird derzeit von GorBATSCHEV neubearbeitet. Dariiber mehr an 
spaterer Stelle. Schliesslich bezweifelt, wie schon angefiihrt, TILLEY (1942) 
eine magmatische Entstehung fiir den Nephelin in den Mariupoliten. 

Diese neueren Bearbeitungen haben sich doch gleichfalls weniger mit den 
strukturellen, als mit den petrochemischen und mineralfaziellen Verhaltnissen 
versucht auseinanderzusetzen. Von einer Litchfieldite-Probe aus dem Ontario- 
Gebiete liegt doch eine kurze Untersuchung der Gefiigeregelung von Albit 
und Nephelin von FarrBaIRN (1941) vor, auf die spater zurtickgekommen wird. 
In diesem Zusammenhange ware auch darauf hinzuweisen, dass die schlierig- 
migmatischen Nephelinsyenite von Alné, seinerzeit von A. G. HécBom 
(1895) als magmatische Assimilationsfazies gegen den angrenzenden Gneis 
angesprochen, von v. ECKERMANN (1948) als nephelinisierte Migmatite, d.h. 
nephelinsyenitische Fenite gedeutet werden, deren Parallelgefiige somit wohl 
als abbildungskristallin aufgefasst werden muss. 


Vorlaufige Mitteilung iiber Resultate gefiigekundlicher 
Arbeit in Norra Karr 


Im Frihjahre 1959 wurde vom Verfasser mit einer gefiigepetrologischen 
Bearbeitung des Katapleit-Syenit-Vorkommens von Norra Karr begonnen. 
Da die bisherigen Kartierungen und Laborarbeiten Resultate erbracht haben, 
die im Wesentlichen von denen friiherer Bearbeiter (TORNEBOHM 1906, ADAM- 
SON 1944) abweichen, sollen diese als vorldufige Mitteilung dem eigentlichen 
Thema, das dem Gefiigeverhalten des Nephelins in schiefrigen Gesteinen gilt, 
vorangestellt werden.1 

Die Alkaligesteine von Norra Karr erstrecken sich im morphologischen 
Schnitte in N-—S-Richtung ca 1300 m, in E-W ca 4oo m. Das Gebiet liegt 
einige Kilometer éstlich des Vattern-Sees und wird von der Grenze zwischen 
den beiden Provinzen Ostergétland und Smaland durchzogen. 

ADAMSON (1944), der dem Vorkommen eine betont mineralogisch-petroche- 
mische Gradualabhandlung widmet, kommt kurz zusammengefasst zu folgen- 
den allgemeinen Resultaten. Das Vorkommen gehort mit Sicherheit zu einem 
Vulkanschlot, der den umgebenden Vaxsjégranit durchbricht und somit jiinger 
als Gotium ist. TORNEBOHM (1906) glaubt, dass das Vorkommen nicht Alter 
als Jura sei. MaGNUuSSON (1957) vermutet einen genetischen Zusammenhang mit 
dem Oslofelde und nennt Perm als Alter. 

1 Der Verfasser enthalt sich bewusst — wenn umginglich — mineralogisch-petrochemischen 
Kommentaren zu ADAMSON’s Bearbeitung, um diesbeziiglichen Studien H. v. ECKERMANN’S 


nicht vorzugreifen. 
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Apamson denkt sich die magmatische Gesteinsentwicklung in zwei Aste 
geteilt, einen Zr-reichen mit der Reihenfolge Pulaskit-Lakarpit-Grennait und 
einen Zr-freien mit der Folge Kaxtorpit I (pektolith-reich) — Kaxtorpit Ila 
(pektolith-arm mit Nephelin) — Kaxtorpit IIb (pektolith-arm ohne Nephelin). 
Die deutlichen Plan- und Lineargefiige im Grennaite sind nach ADAMSON 
Fliessgefiige des einstrémenden Magmas in den Raum. Der in grossen Bereichen 
kleingefaltelte Kaxtorpit wird zusammen mit Lakarpit und Pulaskit als phanero- 
kristallin bezeichnet. Diese 3 Gesteinstypen sollen in grésserer Tiefe kristal- 
liesiert und bei der Intrusion des Grennaites in ihre heutige Lage mitgeschleppt 
worden sein, 

Der von ApaMson beschriebene elliptisch-konzentrische Bau des ,,Schlotes“ 
kann bei genauer Untersuchung der tektonischen Verhiltnisse nicht aufrecht 
gehalten werden. Die siidliche und noérdliche Umbiegung existiert nicht. 
Besonders deutlich wird das bei den guten Aufschlussverhaltnissen im Norden 
(Fig. 1). Der Verlauf der s und B in den Alkaligesteinen geht durchaus mit 
jenen der parallelstruierten Hiillgesteine konform (Dr). Ausserdem wurden 
nordlich der friiheren Komplexbegrenzung Aufschliisse mit Katapleit-Agirin- 
Albit-Schiefern gefunden, die zweifellos im Zusammenhang mit den ubrigen 
Alkaligesteinen stehen. Daraus ergibt sich fiir den morphologischen Schnitt 
eine oblong linsenférmige Gestalt des Alkaligesteinvorkommens, dessen nérd- 
liches Ende konform in den umgebenden N-S streichenden Gesteinen auskeilt. 
Im Siiden sind die Verhaltnisse etwas unsicherer, da in Alkaligestein und Hille 
nicht gleich homogene tektonische Orientierungen vorliegen und vor allem das 
Gebiet schlechter aufgeschlossen ist. 

Die Hille um die Alkaligesteine, die von ADAMSON als VaxsjOgranit bezeich- 
net wird, kann in mindestens drei Gesteinstypen untergeteilt werden: einen 
kleinkérnigen, schiefrigen Gneis, einen Hornblandegneis quarzdioritischer Zu- 
sammensetzung und einen grobkristallinen, mikroklinaugenreichen Granitgneis. 
Der Hornblandegneis steht im Hangenden der N-S streichenden und 30—50° 
gegen Westen einfallenden Alkaligesteine an, der grobkérnige Granit bis 
Granitgneis dominiert im Liegenden, und zwischen beiden in nordlicher und 
siidlicher Fortsetzung des Alkaligesteinstreichens sind die kleinkérnigen, 
schiefrigen Gneise anzutreffen. Es gibt keinerlei stichhaltige Beweise, dass es 
sich bei diesen drei Gesteinstypen um verschiedene Abarten des Vaxsjogranites 
handelt, der m.E. ein schlecht definierter Sammelbegriff fiir Bildungen sowohl 
verschiedener Entstehung und Alters ist. 

Der grosskérnige Granitgneis bis Granit durchgreift an einigen Stellen ein- 
deutig den z.T. stark schiefrigen Hornblendegneis. Gleichfalls werden die 
Parallelgefiige der am nordlichsten gelegenen gebanderten Katapleit-Agirin- 
Albit-Mikroklin-Schiefer von einem gneisig bis massenférmigen Gesteine 
abgeschnitten, das zwar fenitisch beeinflusst ist, aber strukturell Ziige obigen 
Gneisgranites zeigt. 

Die Fenitzone um den schiefrigen Alkaligesteinskérper ist in dessen nachster 
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Feinkorniger Granitgneis 
Gneis bis Granit 
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Grennait Lakarpit Fenit Hornblendegneis 


Fig. 1: Petrographisch-tektonische Karte der Aufschliisse im nérdlichen Teile des Alkalige- 
steins-Gebietes von Norra Karr, éstlich des Vattern-Sees. A—C: Handstiickentnahmestellen 
fiir die besprochenen Korngefiigeanalysen. 


Nahe als Umptekit ausgebildet. Im Hangenden und Liegenden relativ schmal 
(wenige Meter bis Meterzehner), ist sie im nérdlichen Ausstreichen mehrere 
Hunderte von Metern zu verfolgen. Sie besteht hier aus einer Mischung sehr 
unterschiedlicher Bildungen, denen nur durch eingehende mikroskopische 
Studien beizukommen sein wird. Es gibt alle méglichen Ubergange von 
grobkérnigen Feldspatbildungen bis zu Einlagerungen recht feinkorniger 
Gesteine leptitischen Aussehens. Letztgenannteren Parallelgefiige, die sich in 
den allgemeinen tektonischen Bau einordnen, werden oft von den grobkérnigen 
Fenitbildungen abgeschnitten. 

Die Quergriffe von Granit in den Hornblendegneis und von Fenit (Granit?) 
in die schiefrigen Alkaligesteine sprechen fiir héheres Alter der planaren und 
linearen Parallelgefiige gegentiber der Granit- und Fenitbildung. Die Ent- 
stehung genannter Parallelgefiige kann somit nicht mit den Bewegungen in 


8 HANS J. KOARK 


D1: Zusammenfassung der in der Karte Fig. 1 ersichtlichen tektonischen Felddaten (s + B) aus 
den parallelstruierten Alkali- und Hiillgesteinen. Flachentreue Projektion, untere Hemisphire. 
28 s-Pole aus dem Grennaite (+), 11 s-Pole aus Hornblendegneis und feink6rmigem Gneis ((). 
g B aus dem Grennaite (@) und 7 B aus den Hiillgesteinen (O). 


Verbindung gebracht werden, die die senprakambrische Vatternverwerfung 
auslosten. Wie spater gezeigt wird, setzen deren para- bis postdeformative 
Kristallisationen regionalmetamorphe Bedingungen voraus, die doch fiir post- 
prakambrische Zeit nicht gegeben sind. 

Die Erfassung der tektonischen Felddaten (s, B als Scherungs- und Falten- 
achse) ergab fiir den in der Karte (Fig. 1) dargestellten Bereich, dass in Bezug 
auf s und B zwischen Alkaligesteinen und angrenzenden feinkornigen Gneisen, 
samt Hornblandegneisen keine Diskonformitat vorkommt. Die s-Flachenstel- 
lungen haben im Katapleit-Agirin-Nephelin-Albit-Mikroklin-Schiefer (,,Gren- 
nait‘‘!) und in den angrenzenden parallelstruierten Hiillgesteinen annahernd 
gleiche Orientierungen. Im ,,Grennaite“ liegt Tendenz fiir gréssere Tauto- 
zonalitat der Flachenstellungen vor. Die stoffkonkordanten B-Achsen (korn- 
gefiigekundlich kontrolliert) weisen sowohl im ,,Grennaite“ als in den in Frage 
kommenden Hiillgesteinen gleiche Ausbildung und Orientierung auf (30-50° 
gegen W), (vgl. D.1). 

Aus diesen Taten ergibt sich fiir den dargestellten Bereich — die siidlichen 
Teile des Gebietes unterscheiden sich prinzipiell nicht davon — dass die 
untersuchten morphologischen und aus ihnen abgeleiteten funktionalen Gefiige 


* Schon bei freisichtiger Betrachtung geben die von ADAMSON als Grennait und Kaxtorpit 
bezeichneten Gesteine den bestimmten Eindruck, dass es sich um Metamorphite handelt. (Deut- 
liche pra- bis parakristalline Flachen- und Achsengefiige. s-Flachen gibt es in keiner Fliissigkeit! 
Laminare magmatische Fliessbewegungen mit s als Anlagerungsgefiige sind fiir tiefenvulka- 
nische Vorgange undenkbar.) Die Resultate der mikroskopischen Studien, denen hier vorge- 
griffen werden soll, stiitzen voll und ganz diesen Befund. Aus diesem Grunde sollten eigentlich 
obige ,,Magmatit-Namen‘‘ gemieden werden. Aus Raumersparnis werden sie doch vorerst 
beibehalten und in Fortsetzung in ,,Anfiihrungsstrichen“ gesetzt. 
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(Beanspruchungssymmetrien und -richtungen) eine Gefiigebildung durch 
Einstromen in den Raum verneinen. Sie sprechen vielmehr auf Grund ihrer in 
Hinsicht auf Ausbildung und Orientierung bestehenden Konformitat mit den 
Gefiigen der parallelstruierten Hiille fiir syntektonische Amplatzgefiige. 

Ausser oben angefiihrten Premissen fiihrte zu dieser Feststellung eine Reihe 
von Daten, die sich aus den Diinnschliffbildern ergaben. Namlich die, die 
Lineargefiige als B-Achsen definieren liessen und solche, die Merkmale fiir 
Formung im teilbeweglich Festem sind, samt die Reaktionsgefiige, die fiir den 
ungleichgewichtigen metamorphen Zustand des Mineralbestandes zeugen. 

Das von ADAMSON als ,,Grennait“’ bezeichnete Gestein hat ein feinkorniges, 
straffes plan- und linearparallelstruiertes Aussehen und setzt sich aus Feld- 
spaten (Albit, Mikroklin), Nephelin (teilweise umgewandelt in Sodalith und 
Natrolith, randlich und einzeln fleckenhaft in Analcim), Agirin, samt Katapleit 
und/oder Eudialyt zusammen. 

Im Diinnschliffbilde weisen Feldspate, Nephelin und Agirin ein gleichkérni- 
ges, nur wenig verzahntes lepido- bis nematoblastisches Gefiige auf. Recht 
deutlich ist dabei die Tendenz zur Streckung der langsten Korndiameter sub- 
parallel der Lineation. Katapleit und Eudialyt sind eindeutig Porphyroblasten 
mit Albit, Mikroklin, Nephelin und Agirin als s im Interngefiige (si). Sie sind 
somit eindeutig jiingere Kristallisationen als ihre relikten Interngefiige. Sie 
kommen teils als isolierte xenomorphe K6rner und teils als semiidiomorfe 
Tafeln vor, die belteropore Regelung // s und B zeigen. Nicht selten sind sie auch 
in schlierenformiger Anordnung zu finden. Sie sind somit kein Kriterium fiir 
porphyrisches Gesamtgefiige, sondern sprechen lediglich fiir porphyroblasti- 
sches Teilgefiige. Es gibt somit in diesem ,,Grennait‘‘-Gefiige keinerlei 
Anzeichen fiir ungehindertes Wachstum in einer Schmelze, das ja u.a. in 
eigengestaltlichen Komponenten zum Ausdruck kommen miisste. Vereinzelt 
grossere zusammengesetzte Feldspataggregate, die als Einsprenglinge aufge- 
fasst werden kénnten, sind Porphyroklasten. Sie haben ebenfalls metasoma- 
tische Umsetzungen erfahren, die jenen im ubrigen Teilgeftige analog sind 
(z.B. verzwillingter Albit umgeben von aggressivem Mikroklin und neugebil- 
detem unverzwillingten Albit). Mikroklin ist tibrigens auch im Teilgefiige der 
, Grundmasse‘‘ durchaus granophag und spat gebildet. 

Ohne vorerst die Korngefiigeanalyse zu konsultieren, kann man schon in 
Schliffbildern des ,,Grennaites‘‘ Scherflachen bemerken, die distinkt die 
dominierende und als s, zu bezeichnende Flachenschar tiberqueren (Fig. 2). 
Dass es sich um Scherflachen handelt, zeigen der rekristallisierte Friktions- 
mortel und die Kornstufungen an. Es sind vor allem Albit und Agirin, weniger 
Nephelin, die sie besetzen. Aber auch Katapleit und Eudialyt sind in ihnen — 
wohl belteropor — anzutreffen. Im ac-Schliffe konnten fiir die hol-Zone 
folgende wiederkehrende Winkel zwischen s und tiberquerenden Scherflachen 
im Uhrzeigersinne gemessen werden: 30°, 40°, 130° und 140° (vgl. Fig. 3a). 
Auch im dc-Schnitte fanden sich deutliche kreuzende Scherflachen, die vermut- 
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Fig. 2. Katapleit (Eudialyt)-Nephelin-Agirin-Albit-Mikroklin-Schiefer (,,Grennait) mit durch 
rekristallisierten Friktionsmértel und Kornstufungen belegte okl-Scherflichen (s, okl, 6Rl). 
be-Schliff. 60 x . Polarisiertes Licht. 


lich der Zone ok/ angehdren. Zu s, bilden sie in der Schliffebene folgenden 
Winkel (im Uhrzeigersinne): 20°, 40° und 150°. Vgl. Fig. 2 und 3b. Im ab- 
Schnitte fehlen gleichartige in die Augen fallende querende Scherflachen. 
Unter der Voraussetzung, dass obige Scherflachen gleichaktig mit dem 
Lineargefiige sind1, lassen sich hieraus zwei Kriterien ableiten, die gegen die 
Deutung des linearen Parallelgefiiges als Stromfaden a einer Einstrémung 
sprechen. 1) die distinkten Scherflachen in hol und okl des Gefiiges, die nach 
SANDER als Beweis fiir Drucke leitendes Festes anzusehen sind und 2) die unge- 
fahr symmetrische Anordnung der Scherflachen im be-Schnitte, die eine Sym- 
metrieebene | @ zulasst. Ausserdem kann hier vorweggenommen werden, dass 
sich inden kleingefaltelten ,, Kaxtorpiten‘‘ ausgezeichnete Beispiele fiir die ,, Regel 
der Stauchfaltengrésse“ finden, die ja, wie bekannt, schwerwiegendes Argument 
gegen magmatisches Fliessgefiige ist. Diese Beobachtungen befiirworten die 


1 Die Tatsache, dass die im Diinnschliffe als ok/-angesprochenen Flachen im bc-Schnitte 
nicht durch Richtungsstatistik indikiert werden (vgl. Dz, Ds5—7), braucht nicht auf ungleich- 
zeitige Bildung zu weisen. Es kann auf nicht genitigende Dichte der ok/-Flachen zuriickzufiihren 
sein, sodass um einen statistischen Effekt zu erhalten, zu wenige Korner erfasst sind. 
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Fig. 3a. Fig. 3b. 


Winkelverhaltnisse sich kreuzender Scherflachen, die sich im Schliffbilde durch rekristallisierten 
Friktionsm6rtel und Kornstufungen anzeigen. Fig. 3a: hol-Flachen im ac-Schliff. Fig. 3b: 
okl-Flachen im be-Schliff. 


als Arbeitshypothese angewendete Koordinatengebung im ,,Grennaite“, namlich 
b=B steht | auf der Symmetrie- und Formungsebene des Lineargefiiges. 
500 an © Bin- ab. 

Eckermannit-Agirin-Albit-Mikroklin-Schiefer mit +Pektolith und Nephelin 
wurden von ADAMSON als Magmatite angesehen und mit dem Namen,, Kaxtorpit“ 
belegt. Meine bisherigen Untersuchungen galten dem areell gréssten dieser 
Vorkommen (ca 10000 m?), das im zentralen Teile des ,,Grennait‘‘-Gebietes 
gelegen ist. Der hier vorkommende ,,Kaxtorpit’’ ist nephelinfiihrend und reich 
an Pektolith (ADAMSON’s Kaxtorpit I). Gegen den ,,Grennait‘‘ finden sich 
succesive Ubergdnge mit Zunahme von Agirin, Nephelin, Katapleit — Eudialith 
und Abnahme von Eckermannit und Pektolith. 

Tektonisch unterscheidet sich dieses Gebiet von dem des ,,Grennaites‘‘ durch 
markant steilachsigen Schlingenbau (von Faltenscheitel zu Faltenscheitel 10— 
_ 50 m). Ausserdem sind diese schwach gebanderten Gesteine in Lagen mit 
grosserer Teilbeweglichkeit intensiv gefaltet. Ihre Biegegleitfalten (cm—dm), 
weisen nicht selten Zickzackformen auf, die sch6ne Beispiele fiir SANDER’s 
Regel der Stauchfaltengrdsse geben. (Vgl. Fig. 4.) 

Mikroskopisch besehen geben die Kleinfaltelungen im ,,Kaxtorpit’ gute 
Vorbedingungen um das Verhaltnis Kristallisation und Deformation zu 
studieren, besonders die Kontrolle, ob paradeformative Kristallisationen vor- 
liegen. Solche wurden doch in keinem Falle beobachtet. Der Mineralbestand 
scheint durchwegs nach der Faltelung letztmalig kristallisiert zu sein. Es war 
doch bisher nicht zu entscheiden, ob vorkommende Regelungen (bisher nur 
Formregelungen erkannt) durch erholende Rekristallisation parakristallin 
deformierter Gemengteile, oder aber durch Deformation an feinkérnigem 
Materiale mit postdeformativer Vergréberung der gerichteten Keime (Mero- 
blastese), erfolgt sind. ‘ : 

Das Grundgewebe von Albit, Mikroklin, Nephelin, Eckermannit, Agirin, 
Pektolith, usw. zeigt inbezug auf stoffliche Anordnung und Korngréssen deut- 
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Fig. 4: Biegegleitfaltelung im pektolithfiihrenden gebanderten ,,Kaxtorpit“ mit Beispielen fiir 
SANDER’s ,,Regel der Stauchfaltengrésse”. Der mikroskopische Befund zeigt durchwegs 
postdeformativ kristallisierten Mineralbestand. 170 m siidwestl. Bauernhof Norra Karr. 


lich schichtige Baue. Ein Albit,,, bildet in s parallel (o10) stark gestreckte 
Korner und umschliesst als s im Interngefiige (s7) Albit,,, Nephelin, Ecker- 
mannit, Agirin, Titanit, etc. Schliesslich wird noch dieser junge Albit,,, von 
Mikroklin abgebaut, der iiingste Kristallisation zu sein scheint. 


Gefiigeverhalten des Nephelins im ,,Grennaite‘ 
von Norta Karr 


Fir die Korngefiigeanalyse wurden vorerst drei Grennait-Handstiicke aus 
dem nordlichen Teile des Gebietes ausgewahlt. A und B aus dem zentralen 
Teile, C aus der westlichen Randfazies des Grennaites. Vgl. Karte Fig. 1. Der 
Schwerpunkt dieser bisherigen korngeftigekundlichen Untersuchungen wurde 
auf das Gefiigeverhalten des Nephelins verlegt. Fiir Fragen der Koordinaten- 
gebung, Besprechung der Symmetrien und Deutung der Regelungstypen, 
homotakte oder heterotakte Regelung zu den Gefiigegenossen, u.a., wurden 
z.T. auch Albit und Agirin vermessen. Die Regelungsgenitit und der Schnitt- 
effekt (SANDER 1950, 1954) fiir heterometrische Korngestalten wurden mittels 
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senkrecht aufeinander stehender Schnitte (ac und bc, teilweise auch ab) kon- 
trolliert. 

Das Handstiick A entstammt dem Aufschlusse, der nach der ADAMSON’schen 
Kartierung am weitesten nérdlich im Alkaligebiet gelegen ist. Dem Aufschlusse 
kam insofern eine besondere Bedeutung zu, als er an einer Stelle sich befindet, 
die zur Frage nach der horizontalen Schnittgestalt des Alkalikérpers wesentlichen 
Beitrag leisten kann. Nach Apamson liegt hier fiir s ein E-W-Streichen vor, 
_ dass sich in den von ihm vorgeschlagenen elliptisch konzentrischen Bau des 
,,ochlotes” gut einfiigt. Meine Feldbesichtigung ergab jedoch, dass das E-W 
streichende sichtbare Parallelgefiige nicht die Schnittgeraden des ausstreich- 
enden s darstellt, sondern deutliche stoffkonkordante B-Achsen, die auf den 
N-S streichenden s flach gegen Westen einfallen. Ausserdem setzt sich das 
N-S-Streichen in den nordlich davon neu aufgefundenen ,,Grennait‘‘-Auf- 
schliissen fort, was fiir ein lentikulares Ausstreichen, konkordant zur Hiille, 
spricht. Der Korngefiigeanalyse fiel in diesem Falle, neben der prinzipiellen 
Untersuchung der Regelungsgefiige, die Aufgabe zu, an orientiert entnom- 
mener Probe die umstrittene Orientierung von s und B zu kontrollieren. 

Das Handstiick B aus einem zentral gelegenen Aufschlusse im noérdlichen 
Teil des Gebietes wurde hauptsachlich gewahlt, weil es im Gegensatz zu 
A ein stark ausgepragtes Lineargefiige und nur ein wenig deutliches s hat. 

Schliesslich wurde eine Probe aus der Marginalfacies des Grennaites als C 
ausgesucht. Dass hier vorkommende Gestein ist im Gegensatz zu denen norma- 
ler Ausbildung. mit grau-griiner Farbe (A, B) mehr griinlich-weiss und hat ein 
recht deutliches planparalleles Gefiige, oft als schwache Banderung, die haupt- 
sachlich auf die lagenweise Anordnung des Agirinaugit zuriickgefiihrt werden 
kann. Bei dieser Probe soll neben dem allgemeinen Regelungsverhalten, dessen 
eventuelle Verschiedenheit in Typ und Intensitat mit den Verhaltnissen in 
zentralen Teilen (A, B) untersucht werden. 


Nephelin: 


Der im Grennaite vorkommende Nephelin wurde erstmals von MAUZzELIUS 
(in TORNEBOHM 1906) analysiert und fiel durch seinen extrem niedrigen K,O- 
Gehalt von 2,32% auf, der tibrigens weder mit den von ADAMSON ermittelten 
Brechungsindices, noch diese mit den von ‘TILLEY (1953) mitgeteilten Werten 
vereinbar sind. Eine neue Nephelin-Analyse 'TILLEy’s gibt mit 7,41 % K,O 
einen Gehalt, der sich recht gut auf diese beziehen lasst, und sich auch mit 
den iibrigen Verhaltnissen vertragt. Mit der Zusammensetzung Ne,,, Kpsys 
Qu, liegt er nach TILLEY zwischen BUERGER’s normalem Nephelin und jenen 
der Mariupolite (MorRoZzEWICZ 1930). 

In den untersuchten Proben kommt er in verschiedenen Mengenverhaltnissen 
vor. Folgende Werte wurden mittels dem Punktzahlverfahren errechnet. 
Probe A=27,4 Vol.%, Probe B=31,7 Vol.% und Probe C 36,8 Vol.%. Der 
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Fig. 5: Fiir Nephelin charakteristische Kornquerschnittgestalten und Gréssenverhiltnisse in 
a, b und c-Schnitten. Ca. 30 X vergrdéssert. 


C-Wert ist doch wegen starker Umwandlungserscheinungen (Sodalith, Hydro- 
nephelit, Analcim) mit Vorbehalt genannt. 

Die-Verteilungsgenitat des Nephelins im tibrigen Gefiige wurde nur qualita- 
tiv bewertet, d.h. ohne statistische Kontrolle von Gefiigebildern. Seine Ver- 
teilung ist ziemlich homogen. Er zeigt deutliche Tendenz zu lagenweiser 
Anordnung in s, und bildet somit als Teilgefiige stoffliche Netzebenen. Die 
fiir Tiefengesteine gewohnliche idiomorph isometrische Gestalt (Querschnitte 
nach der hexagonalen Basis, oder kurzprismatisch nach dem Prisma) fehlt hier 
ginzlich. Die Korner sind durchwegs mit unregelmassiger Begrenzung gestreckt 
und zwar so, dass der langste Diameter // 6 und der kiirzeste // c des Gefiiges zu 
liegen kommt. Mittelwerte fiir diese Richtungen sind: // @ 0,o8-0,4 mm, // 
b(B) 0,1-0,6 mm und // c 0,o3—2 mm. Einen Einblick tiber die Konfiguration der 
Kornquerschnitte kénnen nachstehende Kornumrisse geben (Fig. 5). 

In den Proben A und B ist der Nephelin durchwegs klar. Bisweilen um- 
schliesst er kleine Agirinnadeln, die sich jedoch keiner bestimmten Gitterrich- 
tung zuordnen lassen. Obwohl manchmal gleichgerichtet, tberqueren sie 
Grenzen verschieden orientierter Korner. 

Schwache optische Undulositat, die auf mechanische Einwirkung zurtickzu- 
fiihren ist, liess sich nicht auf bestimmte Gitterrichtungen beziehen. Sie tritt in 
unregelmassigen Felderteilungen auf und ist ihrer Morphologie nach nicht 
mit den fiir Quarz so deutlichen oblongen Undulationen nach seiner Hauptachse 
vergleichbar. Die Spaltbarkeit nach (1010) ist deutlicher als jene nach (0001). 
Optische Merkmale, die auf Translation, Zwillingsgleitung oder Drehgleitung 
schliessen liessen, wurden nicht beobachtet. 

Die Gefiigemessungen am Nephelin wurden ohne Auslese als Zeilenanalyse 
ausgefiihrt. Die Einmessung von je 200-300 Nephelin — c wurde so gehand- 
habt, dass die Messzeilen senkrecht s zu liegen kamen. Die im flachentreuen 
Netz {untere Hemisphiare) ausgezahlten Diagramme (1%iger Auszahlkreis) 
liessen fiir die Proben aller untersuchten Lokale (A-C) fiir die Lage von Nephe- 
lin-c mehr oder minder deutliche Giirtel | B (// ac) erkennen. 

Die Giirtel besetzen Breiten von 70-100°. Sie sind in allen bisher unter- 
suchten Fallen // ac gespalten. Der Abstand zwischen den Spaltungen, ge- 
messen an sich gegentiberstehenden Maxima betragt 30-g0°. Mittelwerte sind 
30-60° (vgl. synoptische Diagramme D21, D22). Fiir die Maxima in den Giirteln 
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,,Grennait‘ Probe A. 240 Nephelin-c. o-0,4—0,8-1,3~-1,7-2,1-2,5-2,9 %. 
,,Grennait‘‘ Probe B. 205 Nephelin-c. 0—0,5-1,0-1,5~2,0-2,5-3,0-3,5 %. 
,,Grennait‘’ Probe C. 226 Nephelin-c. O-I-—2-3-4-5-6 %. (Messung: Marinder). 
,,Grennait‘‘ Probe A. 200 Albit ng. 0-0,5-1-2-3-4 %. 

,,Grenait Probe A. 200 Albit ng. 0-0.5-1-2-3-4-5-6 %. 

,Grenait‘ Probe A. 200 Albit ny. o-0,5-1-2-3-4-5-6-7-8-9 %. 
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ist die Tendenz merkbar, dass sie symmetrisch zueinander liegen. Diese rela- 
tive Ordnung und Symmetrie der Giirtelbesetzung reduziert das Unbehagen 
mit solchen niedrigen maximalen Besetzungsdichten wie 2,9% fiir A, 3,5% 
fiir B und 5% fiir C zu arbeiten, die ja fiir solch polymineralische Gefiige zu 
erwarten sind. 

Die in allen drei Proben geschlossenen Giirtel fallen mit der bilateralen 
Symmetrieebene (ac) auf das freisichtig festlegbare Lineargefiige (B) zusammen. 
Die Maximaverteilung in den Giirteln lasst eine deutliche Neigung zu rhom- 
bischer Symmetrie erkennen. 


Albit: 


Wie schon friiher mitgeteilt, wurden die Gefiige anderer Kornsorten nur so 
weit herangezogen, als sie zur Beantwortung von Fragestellungen, die das 
Gefiigeverhalten des Nephelins betreffen, beitragen konnen. Somit soll an 
dieser Stelle keine alle Geftigegenossen umfassende Analyse vorgelegt werden. 

Von den Feldspaten wurde fiir die Kontrolle ihrer Gefiigeregelung vorerst 
der Albit gewahlt. Erstens, weil er zahlreicher als Kalifeldspat ist, und zweitens, 
weil letztgenannter oft deutlich granophages Auftreten hat, das eine gewisse 
Unsicherheit in Hinsicht auf seine Bildungszeit mitsichbringt (evtl. nicht 
syngenetisch bzw. nicht syntektonisch mit Albit und Nephelin). 

In allen Proben war Albit des Haufigeren unverzwillingt (2 V, =103-105°, 
Na <Dcanadabalsam—D, 2 Nganadapalsam)» Die verzwillingten Albite, gewohnlich nach 
dem Albit-, seltener dem Periklin- und vereinzelt nach dem Karlsbader Gesetze, 
haben mit Abgs_9,-An;_4 eine molekulare Zusammensetzung, die mit Hinsicht 
auf obige Daten (2V,, rel. n,—n,) auch fiir ihre unverzwillingten Genossen 
zutreffen diirfte. 

Die Albit-Kornquerschnitte, parallel den Gefiigekoordinaten abc gemessen, 
ergeben fiir Korner der ,,Grundmasse“, d.h. ohne Albitporphyroklasten, 
folgende Mittelwerte: 


A B CG 
|| @ 0,t -0,5 mm 0,07-0,4 mm 0,1 —0,5 mm 
/| 6 0,4 -0,7 mm 0,3 —0,7 mm 0,4 —0,9 mm 
|| € 0,03-0,2 mm 0,03-0,15 mm  0,05-0,1 mm 


Daraus wird ersichtlich, dass die Albite eine deutliche Streckung // b (B) auf- 
weisen. [hr ktirzester Durchmesser fallt mit dem Gefiige-c zusammen. Die 
Korngestalt ist xenomorph. Das Teilgefiige ist unverzahnt mosaikférmig. 
Unduldse Ausloschung ist in grésseren Albiten deutlicher als in kleineren. Sie 
liess keine auf den Gitterbau beziehbare Regel erkennen. Krummliniger Verlauf 
von Zwillingslamellen oder Knickung derselben wurde nicht beobachtet. Eben- 
falls andere Kennzeichen die auf Translationen in den Albiten hinweisen 
konnen, fehlen. Das schliesst doch die Méglichkeit solcher Deformationen im 
pra- bis parakristallinen Stadium nicht aus. Abgesehen von der schwachen 


ZUM GEFUGEVERHALTEN DES NEPHELINS 17 


Undulositat, die Beanspruchungen zuzuordnen ist, denen kein geftigeordnender 
Einfluss beigemessen werden kann, sind Albit und seine lbrigen Gefiigegenos- 
sen zum letzten Male postdeformatiy kristallisiert. 

Bei Uberlagerung mit dem Hilfspraparat, liessen sich fiir die Feldspite 
(Albit und Kalifeldspat) deutliche Gefiigeregel nach dem Feinbau erkennen, 
wobei fiir Albit und Kalifeldspat ein gewisser Grad von Gefiigeisotypie vor- 
zuliegen scheint. n,, summiert sich ~// Gefiige-a, ng, ~// Gefiige-b (B), und 
n,, ~// Gefiige-c. 

Fur die Gefiigemessungen am Albit wurden die gleichen Schliffe, wie fiir den 
Nephelin, benutzt, d.h. der dc-Schnitt von Probe A und der ac-Schnitt von 
Probe C. Die Probe B wurde beziiglich Albit nicht gefiigestatistisch bearbeitet. 
Auf Grund der Armut an Zwillingen und anderen kristallographischen Bezugs- 
richtungen wurden n,, ng und n, eingemessen und auf der Lagenkugel (flachen- 
treue Netz, untere Hemisphire) in Ubersicht gebracht. Auszahlung mit 1 °%igem 
Auszahlkreis. 


Probe A (bc-Schliff): 


Die n, sammeln sich zu deutlichen Maxima (3-4°%) um a, ohne Symmetriebe- 
ziehungen zu ac, mdglicherweise zu ab. Ihre Maximalbesetzungen sind von a 
ca 20° entfernt. Der Winkel n, zu a des Albites obengenannter Zusammenset- 
zung ist ca 15°. Daraus lasst sich ableiten, dass die Mehrzahl der Albit-a in das 
a des Gefiiges zu liegen kommt. Schwachere Haufungen finden sich um 6 (B). 

ng hauft sich um 4 (B) mit 3-6%igen Maxima. Diese in Bezug auf die ab- 
Ebene symmetrischen — doch ungleichwertigen — Maxima bilden von dieser 
215°. ng: a des Albites ist ca 13°. Ausserdem bilden schwache Haufungen 
(1-3 %) einen Giirtel in ab. 

n, hat von allen optischen Normalen die grésste Besatzungsdichte (g %) mit 
konzentriertem Maximum in c. Die Winkeldifferenz zwischen n, und kristallo- 
graphisch b ist fiir Albit ca 15°. Sie bildet sich bei strenger Einregelung von 
Albit-b im Diagramme nicht ab. n, zeigt ausserdem schwache Besetzungen 
(2-3 %) als unterbrochenen Giirtel in der Ebene ac. 


Probe C (ac-Schliff) : 


Fur n, (D8) scheint mir charakteristisch zu sein, dass seine Besetzungen 
einen, wenn auch unterbrochenen, so doch deutlichen Giirtel liefern, der zu 
allen drei Gefiigehauptschnitten ac, ab, bc gewisse symmetrologische Bezie- 
hungen unterhalt. ac als Symmetrieebene wird vor allem durch die Spaltung 
des Giirtels angezeigt, deren Erklarung in der geometrischen Beziehung von 
n,:a=ca 15° zu suchen ist. Kontrolliert man die Eignung von ab und bc als 
Symmetrieebene, so kann eine gewisse Neigung zu symmetrischer Anordnung 
der Giirtelmaxima vermerkt werden. Diese erlaubt moglicherweise eine Uber- 
fiihrung der vom Nephelin indikierten Scherflachen hol und hol, die sich dort 
mit ca 45°, symmetrisch von ab geteilt, in 6 (B) schneiden. Die Analyse des 
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D8 _ ,,Grennait“‘ Probe C. 200 Albit nz. o-0,5-1-2-3 %. (Messung: Marinder). 

Do _ ,,Grennait‘‘ Probe C. 200 Albit ng. o-0,5-1-2-3-4-5 %. (Messung: Marinder). 
D 10 ,,Grennait** Probe C. 200 Albit ny. o-o,5-1-2-3-4-5-6 %. (Messung: Marinder). 
D 11 ,,Grennait Probe C. 42 Agirin-c (@) und ng (+). (Messung: Marinder). 

D 12 ,,Grennait®* Probe B. 123 Agirin. Lote auf (110). 
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geometrischen Verhiltnisses der abgeleiteten hol und hol zu den sie eventuell 
indikierenden Maxima lasst sich mit Verlass kaum weitertreiben, da erstens 
die Besetzungsdichte relativ gering ist und zum anderen geometrisch bedingte 
Streuungen (MELLIS 1954) hinzukommen, die auch fiir Nebenmaxima 
verantwortlich sein konnen. — Eine schwache Besetzung nahe 6 (B) zeigt 
untergeordnete Orientierung von Albit-a parallel Gefiige-b an. 

Die ng-Haufungen (Dg) kénnen auf einen deutlichen Kleinkreis um 6 (B) 
bezogen werden. Statistisch besehen, besetzen sie imaginar einen Kegelmantel, 
dessen Seitenlinie mit der Achse h einen Winkel von 18-23° einschliesst. ng A ¢ = 
ca 13°. Die Maximaverteilung im Kleinkreise kann mit Risiko fiir Uberdeutung 
so gesehen werden, dass von den Scherflachen hol starker als hol besetzt ist. 

Fiir n, (Dro) liegen ahnliche Verhaltnisse wie fiir n, vor. Ein unterbrochener 
Giirtel in ac, der jedoch nicht gleichstark wie der n,-Giirtel gespalten ist; was 
bei Betrachtung der Schnitt- und raumlichen Lage von n,:6 verstandlich wird. 
Auch hier ist deutliche Tendenz zu rhombischer Symmetrie ablesbar, und mit 
etwas Optimismus kann man hol- und hol-Scherflichen fiir die Verteilung der 
Girtelmaxima beiderseitig c verantwortlich machen. Nahe a befinden sich 
weniger stark besetzte n,-Haufungen, denen jedoch ein gleichdeutliches Aqui- 
valent fiir n, nahe c fehlt. 

Fassen wir fiir Albit im Rahmen vorstehender Kennzeichnung zusammen, 
so lasst sich folgendes festhalten. In beiden gemessenen Proben liegt fiir die 
Regelung des Albites im Prinzip analoges Verhalten vor, c dominiert in 5 (B) 
des Gefiiges. a.streut im ac-Giirtel mit maximalen Besetzungen in der Nahe 
und annahernd symmetrisch zu a, b auf gleiche Weise zu c. Nimmt man dazu 
Riicksicht auf den Habitus des Albites, als nach der Vertikalachse gestreckt 
und nach M (oro) tafelig, so liegt [oor] als Hauptzone // 6 (B) und (oro) 
herrscht | c bzw. in hol und hol vor. Die restlichen schwachen Besetzungen 
lassen sich auf keinen gleich einfachen Nenner bringen und sind im Zusammen- 
hange unwesentlich. Die Korngestalten sind also als Gefiigetracht auf die 
Regelung beziehbar. Vorerst wesentlich in dem Sinne, dass neben der Regelung 
nach dem Feinbau, auch direkt oder indirekt eine solche nach der Korngestalt 


vorliegt. 


Agirin: 

Schon durch das vergleichende Studium dreidimensionaler Schnitte ist 
ersichtlich, dass der nach c gestreckte Agirin (0,15-0,7 mm) mit seiner Langs- 
achse mehr oder minder parallel 6 (B) orientiert ist. Die Kérner sind teilweise 
verzwillingt (r00) und schwach optisch undulés. Dri fiir den in der Randfacies 
des Grennaites (Probe C) akmitischen Agirin unterscheidet sich im Princip nicht 
von Diz fir Agirin im zentralen Grennaite (Probe B). In beiden liegt [oor] 
subparallel mit b (B). Die Lage der Haufungen fur n,, weist darauf hin, dass 
(110) bevorzugt in s, weniger deutlich in hol und hol zu liegen kommt (D11). 
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Zur Regelung des Nephelins in den ,,Canadit‘‘- 
Gneisen von Almunge 


Aus verschiedenen Griinden widerstrebt es, auf Grund bisheriger weniger 
Nephelin-Diagramme vom ,,Grennaite“‘ aus Norra Karr, den Regelungsmecha- 
nismus fiir Nephelin und seine Ursachen zu diskutieren. Zu diesem Zwecke 
schien es geeignet, einige Diagramme tiber Nephelinregelung in den Canadit- 
gneisen von Almunge heranzuziehen, die schon seit Jahren gemessen vorliegen, 
ohne doch naher analysiert zu sein. 

Im Almunge-Massiv, ca 30 km éstlich Uppsala, geht derzeit eine umfassende 
Neubearbeitung durch R. Gorbatschev vor sich. Es soll darum weder tekto- 
nisch, noch petrographisch dieser Bearbeitung vorgegriffen werden. Ich be- 
schranke mich deshalb lediglich auf die Untersuchung des Gefiigeverhal- 
tens von Nephelin in dem Grade, als es zur Klarung meiner Fragestellungen 
beitragen kann. 

Canadit, als cancrinitfiihrender Nephelinsyenit, erhielt seinen Namen von 
QUENSEL, weil das Gestein grosse Ahnlichkeit mit den Nephelinsyeniten von 
Bancroft-Haliburton in Canada aufweist. 

Die schiefrig ausgebildeten ,,Canadite‘‘ (,,Canadit“‘gneis) finden sich nach 
QUENSEL in der Umptekitrandzone, bzw. nahe dem Rande der Umptekitmasse, 
die dort ebenfalls schiefrig ausgebildet ist. Nach QuENSsEL fallt die Schieferung, 
sowohl mit derjenigen der Kontaktgrenze gegen den Granit, als auch mit jener 
des geschieferten Umptekites, zusammen. Das schiefrige Gefiige dieser Rand- 
facies, wird auf die gleiche Ursache, namlich protoklastische Teilbewegungen 
in peripheren Teilen des beweglichen Magmakorpers, zuriickgefiihrt. 

Dieser gegentiber Granit, Umptekit und Canadit ziemlich kleinkérnige Gneis 
canaditischer Zusammensetzung mit ,, Grundmasse“- Diametern von 0,3-0,7 mm, 
hat makroskopisch betrachtet, ein sehr straffes, planparalleles Gefiige (Fig. 6). Es 
kann teils durch die lagenweise Dominanz von hellen (Feldspaten, Nephelin, 
Cancrinit, etc.) und dunklen (Biotit, Hastingsit, etc.) Komponenten mit Schicht- 
abstanden von 1-2 mm bedingt sein. Andererseits fehlt bisweilen diese 
Feinbanderung und die homogene Verteilung parallelorientierter heteromet- 
rischer dunkler Gemengteile zeichnet das deutliche s. Bisweilen kommen auch 
grober gebanderte, schlierige Gefiige vor, bei denen am stoffdivergenten 
Lagenbau Schichten bzw. Schlieren mit reicheren Nephelin-Anteil teilnehmen. 
Nicht im gleichen Sinne sind gewisse schlierige Banderungen leukokraten 
Feldspat-Materials aufzufassen, die woméglich venitischen Charakter haben. 
Diese lockern das sonst straffe s auf und geben dem Gesteine ein inhomogenes 
Aussehen. 

Als Lineargefiige ist auf s die parallele Anordnung heterometrischer dunkler 
Gemengteile, sowie fiir helle Komponenten eine schwache morphologische 
Striemung sichtbar. 
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Fig. 6: Gebanderter Gneis canaditischer Zusammensetzung. Almunge-Massiv. SSE des Sees 
Fladen. 


Unter dem Mikroskope kann das Gesamtgefiige kurz wie folgt charakterisiert 
werden: 

Fur Albit und Kalifeldspat liegt gleichkérnig, unverzahntes, xenoblastisches 
Gefiige vor. Biotit (oor) ist deutlich in s parallel orientiert. Teilweise so markant, 
dass durch die raumliche Anordnung der bis zu 1 mm in s gestreckten Biotit- 
tafeln im Schliffquerschnitt der Eindruck von Zeilenbau mit abwechselnd 
Feldspaten und Biotit erweckt wird. 

Nephelin (mit teilweise von Spaltbarkeiten ausgehender Umsetzung in Natro- 
lith, Cancrinit, etc., samt bisweilen bis zur vélligen Ersetzung durch Analcim) 
tritt teils als in s angereicherte Lagen mit Gestalt und Grosse der Feldspate 
(0,3-0.7mm @), und teils ausserhalb dieser Nephelinlagen als bis zu 3,5 mm @ 
//| der Langsachse ovale Porphyroblastenquerschnitte auf. Mit Langserstreckung 
gewohnlicherweise // s. Als Relikte im Interngeftige (R7) des porphyroblasti- 
schen Nephelins wurden Albit, Kalifeldspat und Biotit beobachtet. Die Orien- 
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tierung von Biotit und oblongem Albit als s7 ist bisweilen bis zu go° verlegt. 
Ob es sich in diesen wenigen beobachteten, meist nicht eindeutigen Fallen, 
um Verlegung von st durch Externrotation, um Zufalligkeiten, oder aber eine 
Auslese in Ri gegeniiber Re (Relikt in Externgefiige) handelt, bleibt vorlaufig 
ungesagt. Fiir letzteres spricht die Tatsache, dass solche ,,verstellte“ oblonge 
Kornquerschnitte bevorzugt subparallel der senkrecht auf s stehenden (1010) — 
Spaltbarkeit des Nephelins zu finden sind. Inwieweit zwei Generationen Nephe- 
lin vertreten sind, muss doch offen bleiben. In Nephelinporphyroblasten wurde 
jedenfalls kein Nephelin,, als Re beobachtet. Wenn lagenweiser und por- 
phyroblastischer Nephelin nicht gleichartig gebildet sind, was wahrscheinlich 
ist, so muss, falls keine zwei Bildungsphasen vorliegen, zumindest die Nephelin- 
kristallisation wiber eine relativ grosse Zeitspanne der Gefiigebildung angehalten 
haben. Eine diesbeziigliche korngefiigestatistische Kontrolle war wegen zu 
geringer Beteiligung von Nephelinporphyroblasten nicht moglich. 

Hastingsit nimmt als heterometrischer Gemengteil nicht im selben MaBe an 
der Ausgestaltung des plan- und linearparallelen Gefiiges teil, wie z.B. der 
Biotit. Er scheint spat und nach der Wegsamkeit gebildet zu sein. Schliesslich 
umschliesst er Albit und Kalifeldspat als Ri, doch selten. 

Mikroklin mit Perthitflecken tritt vereinzelt als Porphyroblast auf und ist 
gegen das Grundgewebe agressiv. In einigen Proben wurden subparallel s ein- 
scharige Scherflichen mit rekristallisiertem Friktionsmértel (@ =0,005-0,1 mm) 
beobachtet, der aus Albit, Kalifeldspat, Nephelin und Biotit besteht. Biotit mit 
straffer Einordnung von (001) in s. Analcim ist ziemlich gewohnlich als ,,Ze- 
ment“ des Friktionsmértels anzutreffen, das u.a. besagt, dass er nicht ausschliess- 
lich Umwandlungsprodukt nach Nephelin, sondern auch spate Neubildung 
ist.! Fiir Feldspate und Nephelin koénnten ihre Teilgefiige modgliche Unter- 
suchungsbeispiele tiber ihr Verhalten bei einschariger Scherung abgeben. 
Besonders in Hinsicht auf die noch immer offene Frage, ob Feldspate auf solche 
Beanspruchungen durch intragranulare Gleitungen und Internrotationen 
geregelt werden kénnen, was im vorliegenden Zusammenhange natiirlich 
auch fiir den Nephelin wichtig zu wissen ware. Leider ist hier die Kornbeteili- 
gung des Nephelins fir Gefiigestatistik zu gering. Die Feldspate haben zum 
nicht geringen Teil Korngréssen, die sich mit U-Tisch-Objektiven nicht mehr 
erfassen lassen, so dass eine Untersuchung ohne Auslese unmoglich ist. Mit Hilfs- 


1 Dasselbe gilt auch fiir den ausserhalb dieser Scherflachen gelegenen Cancrinit. 


D 13 Canaditischer Gneis, Almunge. 230 Nephelin-c. o-0,4-1-2-3-4 %. 

D 14 Canaditischer Gneis, Almunge. 150 Nephelin-c. o—0,7—1,5—3-4-5-6 %. 

D 15 Canaditischer Gneis, Almunge. 240 Nephelin-c. o-0,4—0,8-1,2—1,6-2-2,4-2,8 %. 
D 16 Canaditischer Gneis, Almunge. 300 Nephelin-c. 0o-0,3—I-1,5—2-2,5-3 %. 

D 17 153 Biotite | (oo1) zu D 13. 0—0,7—1-2-4-6-8-10-12-14 %. 

D 18 150 Biotite | (oo1) zu D 14. 0-0,7—-1—2-4-6-8-10-12 %. 

D 19 150 Biotite | (oor) zu D 15. 0o—-0,7—2—4-6—-8—10—12-14-16 %. 

D 20 122 Biotite | (oor) zu D 16. o-1—2-4-6—8-10-12-14 %. 
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praparat iiberlagert lassen sich doch deutliche Regelungen erkennen. n,, und 
ng, bevorzugt in s, n,, senkrecht dazu! 

Ubrige Gefiigeflichen, wie im ,,Grennaite“ einleitungsweise ohne Rege- 
lungsstatistik durch Musterung des Diinnschliffbildes kontrolliert, liessen nur 
vereinzelt solche in hol wahrnehmen mit s \ hol=40°. Sie werden von oben- 
genannten // s durchschnitten und sind somit alter. 

Die Korngefiigeanalysen am Nephelin wurden an ac- und be-Schliffen von 4 
verschiedenen Gesteinsproben ausgefiihrt. Je Diinnschliff wurden ohne Auslese 
150-300 c-Achsen optisch eingemessen. Die Messzeilen wurden senkrecht 
s gelegt. Der Schnitteffekt der schwach heterometrischen Nephelinkérner, die 
grob besehen in ihrer Idealgestalt einem dreiachsigen Ellipsoid entsprechen, 
mit langster Achse // 6 (B) und kiirzester // c, wurde mittels mehrdimensionaler 
Schnitte kontrolliert. Die Regelung wurde nicht merkbar beeinflusst befunden. 
Der Grad der Regelungsgenitat wurde wahrend des Messverlaufes und durch 
iiberfiihrbare mehrdimensionale Schnitte qualitativ beachtet. Distinkte Re- 
gelungsinhomogenitaten wurden nicht bemerkt. 

D 13 (233 Nephelin-c) zeigt einen geschlossenen und in ac 20-40° gespaltenen 
Giirtel um B. Maximaverteilung (maximale Besetzung 4%) zeigt fastrhombische 
Symmetrie. Die Biotite im gleichen Schliff (153 1(oo1)) D 17 haben ein 
scharfes Maximum (14%) normal zu s. Schwache Giirteltendenz | 6 (B). Die 
Besatzungen sind randlich 100°, radial 75° gedehnt. Moglicherweise ist daran 
der Schnitteffekt beteiligt. 

D 14 (150 Nephelin-c) mit gleichfalls gespaltenem, doch unterbrochenen 
Giirtel in ac. Vielleicht ist dieser Regelungstyp mit maximaler Besetzung von 
6% und iibrigen Maxima (3-5 °%) um ¢ von jenen tautozonaler Anordnungen 
abzutrennen. Er kann, was spater naher, behandelt wird, einen s-Tektonit 
darstellen. Das dazugehGrige Biotitdiagramm (D 18) weist eine scharfe Ein- 
ordnung (16%) in s auf. 

Waren in den bisher von Almunge behandelten Diagrammen die Besetzungen 
von Nephelin und Biotit homosymmetrisch, das nicht gleich vielsagend wie 
homotaktisch geregelt ist, so zeigen die restlichen zwei Proben heterosymmet- 
rische Verhaltnisse. 

In D 15 (240 Nephelin-c) kann man die Haufungen zu einem nicht ganz 
geschlossenen Guirtel zusammenfassen, der an und fiir sich in seinem Aufbau 
(Verteilungssymmetrien der Maxima) von Obengenannten nicht abweicht. 
Bezieht man ihn jedoch auf das Biotitteilgefiige, das neben ausgepragter 
Einordnung von (oor) der Biotite in s (16%) einen zwar schwachen, nicht 
geschlossenen, aber doch deutlichen Giirtel um das auch freisichtig erkennbare 
und beziehbare B bildet, der eine Festlegung der Gefiigekoordinaten abc 
zulasst, so schneidet der Nephelin-c — Giirtel das Biotit s in b (B) mit ca 25° <. 
Zusammen betrachtet haben beide Kornteilgefiige trikline Symmetrie, bei in 
der dusseren Gestalt des Gesteines gewahrter monokliner Symmetrie. Fiir sich 
besehen, hat jedes der 'Teilgefiige fastrhombische Symmetrie. Gemeinsam 
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lassen sich beide doch nicht auf einen symmetriekonstanten Deformationsgang 
beziehen. Bei vorliegender Regelung kann es sich méglicherweise um eine 
unabhangige Uberpragung BB’ handeln. Aber auch trikline Schiefgiirtel- 
Bildung ware zu erwagen. Einer Klarung kann doch erst naher gekommen 
werden, wenn der Charakter und Mechanismus der Nephelinregelung erkannt 
sein wird. Die Koordinatengebung wurde auf die Aussengestalt bzw. auf deren 
synkronen Biotitgiirtel bezogen. 

Wie aus D 16 und D 20 ersichtlich, ist der Gefiigeschnitt keinem Gefiige- 
hauptschnitte zuordenbar. Er wurde der am Uppsala-Institute archivierten 
QUENSEL’schen Sammlung entliehen. Das zugehérige Handstiick war nicht 
mehr zuganglich. Somit mussten die dem Nephelindiagramme gegebenen 
Koordinaten, ausschliesslich als Konstruktionen aus dem Biotitdiagramme 
tbernommen werden. Der Biotit zeigt scharfe Regelung in s. Die Gestalt der 
Maximabesetzung (14%) ist bei 10° Breite tiber 35° gestreckt und weicht mit 35° 
vom Aquator der Projektion ab. Mit Hilfe dieser und einen 4%igen Neben- 
maxima wurde die Lage der ac-Ebene bestimmt (95° Giirteldehnung gegen 
80° | dazu). Eventueller Schnitteffekt ist denkbar, doch ohne dass er bei 
vorliegendem Regelungsgrad die Besetzung prinzipiell zu andern vermag. 

Konfrontiert man Biotitregelung mit dem Nephelindiagramme so sind 
gleichfall hier schwerlich symmetrologische Beziehungen zwischen beiden 
Teilgefiigen nachweisbar. Betrachtet man die Nephelinbesetzungen fiir sich, so 
wird man doch einer Haufungsverteilung gewahr, die deutliche symmetrische 
Zuge aufweist. Ausserdem enthillt die symmetrische Verdoppelung der stark- 
sten Maxima (3%), wie wir sie auch bei vorangegangenen Nephelindiagrammen 
kennengelernt haben, dass diese Besetzungen kaum Zufalligkeiten sein konnen. 
Gewisse Parallelen zu D 15 sind vorhanden. 


Diskussion der Nephelinregelungen 


Fur das Verstandnis von Gefiigediagrammen aus tektonisch umgeformten 
Gesteinen ist ratsam, die mechanischen Einkristallbedingungen des geregelten 
Minerales zu kennen, da bei stetigen und unstetigen Deformationen dessen 
flachige und stengelige Festigkeitsanisotropien (Translationsebenen, Zwil- 
lingsgleitung, etc.) durch die mechanisch regelnden Einfliisse betatigt werden. 
Mit solchen Kenntnissen kénnen sich dann Regelungen, die auf einfache 
kontrollierbare Bedingungen beziehbar sind, mit grosserer Wahrscheinlichkeit 
richtig deuten lassen. Das geschieht am besten an einscharig zerscherten Ein- 
kristallen mit rekristallisiertem Friktionsdetritus, und an monomineralischen 
Gesteinen. Je mehr Mineralkomponenten ein Gestein enthalt, desto schwieriger 
wird es sein, die Resultate unmittelbarer und mittelbarer (molekularer) Teil- 
bewegungen zu analysieren. 

Fiir Nephelin liegen keine Einkristallversuche vor, die dessen Verhalten 
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D 21 ¢ D 22 c 


D 21 40 Achsenmaxima von 6 Nephelin-c — Giirteln | B (Norra Karr: D 2, D 3, D 4=25 
Kreise; Almunge: D 13, D 14, D 15 =15 Punkte). 

D 22 26 Achsenminima von 6 Nephelin-c — Giirteln | B (Norra K4rr: 16 Kreuze; Almunge: 
10 Kreise mit Kreuz). 


bei mechanischer Beanspruchung kontrollieren. Auch sonst sind keine kristallo- 
graphischen Daten bekannt, die entsprechende Festigkeitsanisotropien vor- 
zeichnen. Leider sind auch die untersuchten Gesteine alles andere als mono- 
mineralisch. Der Schiefer von Norra Karr hat mindestens 7 Hauptgemeng- 
teile, jener von Almunge mindestens 5. Die Voraussetzungen zur Deutung der 
gefundenen Nephelinregelungen sind somit nicht sehr giinstig, und man sollte 
sich mit SANDER’s ,,Ein zweiter Versuch gelingt besser als der erste; es will aber 
auch der Erste gemacht sein.“ sichern.? 

Fasst man die hervortretenden Maxima und Minima der Giirteldiagramme zu 
synoptischen Diagrammen im be-Schnitt zusammen (ac-Schnitte sind nach bc 
rotiert) so lasst sich folgendes konstatieren. D 21 bringt die Verteilung von 40 
Maxima (Norra Karr: D 2, D3, D4=25 Kreise; Almunge: D 13, D 14, D 15 = 
15 Punkte). Ihre Anordnung lasst einen ziemlich deutlichen in ac gespaltenen 
Girtel erkennen. Vergleicht man hierzu die Lage der Minima, die also zu den 
Girteln der Einzeldiagramme zugehorig und fiir diese recht charakteristisch 
angesehen werden miissen, so besetzen diese statistisch gesehen, die Spaltung 
des Maxima-Giirtels, d.h. ziemlich genau die ac-Ebene (Norra Karr-Dia- 
gramme: 16 Kreuze, Almunge-Diagramme: 10 Kreise mit Kreuz). Sowohl 
fiir Maxima als auch Minima ist deren Anzahl zu gering um eindeutige Schwer- 
punkte abzulesen. Die Neigung, dass die Lage der Minima in bestimmter 
Beziehung zu jener der Maxima steht, wurde fiir die Giirtelstreckung schon 
erwahnt. Die Spaltung der Giirtelmaxima ist doch in Nahe um c nicht mehr 


* Fur die Fortsetzung dieser Studien tiber Nephelinregelungen haben mir Prof. P. Ramdohr, 
Heidelberg, einige Mariupolitproben und Prof. E. W. Tréger, Freiberg, das OSANN’sche Schliff- 
material iiber die Nephelingneise von Cevades/Portugal zur Verfiigung gestellt. 
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gleich unbestreitbar. In demselben Sinne streuen die Minima mehr um c, als 
im zentralen Teile des Giirtels. Eine Haufung der Minima liegt in a@ vor. 

Diese hier besprochenen Regelungen zeigen fiir Nephelin keine gemeinsamen 
Ziige mit den Resultaten FarrBatrn’s (1941). Die am Litchfieldite, Blue Moun- 
tains/Ontario ausgefiihrten Gefiigemessungen am Albit und Nephelin ergaben 
fiir Albit eine bevorzugte Einordnung von (010) // s und [oor] // der Lineation. 
Nephelin ordnet sich angeblich in das prdexistierende geregelte Gefiige des 
Albites so ein, dass seine c-Achse bevorzugt Lagen // der Lineation einnimmt, 
welches doch meines Erachtens die Besetzung im Diagramme nicht so eindeutig 
zeigt. Die Albit-Orientierung wird von FarrparrN als Resultat magmatischen 
Fliessens angesehen, wobei die langste Achse der tafelférmigen Kristalle dessen 
Richtung indikiert. In diesem Falle sind doch die Diagrammkoordinaten 
unrichtig gesetzt. b mtisste=a sein. Eindeutige Kriterien fiir magmatisches 
Fliessen (vgl. S. 4) werden doch nicht erbracht. Symmetrologische Betrach- 
tungen fehlen. 

Vergleicht man die Regelungsbilder fiir Nephelin mit denen von Quarz und 
Calcit, so lassen sich schon bei fliichtiger Betrachtung Parallelen sehen. In den 
synoptischen Diagrammen von B-Tektoniten bei SANDER (1950) zeigen beide 
Minerale vergleichbare // ac gespaltene Giirtelmaxima mit korrelater Lage der 
Minima in ac. Den Mechanismus solcher Regelungen erklart man vereinfacht 
ungefahr auf folgende Weise. Die Gleitflachen in Kristallen werden in die 
Hauptgefiigeflachen eingeregelt. Zum Beispiel bei s-Tektoniten in s, in B- 
Tektoniten in die hol-Ebenen des Gefiiges, bei Pressung in zwei sich in B 
schneidende Gefiigeflachen. Der Winkel zwischen dem Lot auf die Kristall- 
gleitebene und der optisch festgelegten c-Achse ist fiir die Verteilung von 
Achsenmaxima und -minima in solchen geregelten Gefiigen wesentlich. Der 
Orientierungsmechanismus wird ausserdem durch Charakter und kristallo- 
graphische Gestalt der Gleitebene (z. B. kurzeste Diagonale des Gleitrhomboe- 
ders im Calcit parallel mit der Gleitgerade des Gefiiges), Flattern der Gleit- 
gerade, u.a. beeinflusst. 

Fiir Quarz ist erwiesen, dass statistisch gesehen die Lamellenlote (‘Transla- 
tionsflachen-Lote) in die Achsenminima zu liegen kommen. D.h. mit anderen 
Worten, dass aus dem Winkelabstand zwischen Achsenmaxima und Achsen- 
minima der ungefahre Winkel zwischen c-Achse des Kristalles und dem Lot 
auf die Gleitebene im Kristalle erschlossen werden kann (<«). An vorliegenden 
Nephelindiagrammen wurden entsprechende Winkeldistanzen maximaum- 
ringter Minima gemessen. 26 Winkeldistanzen verteilten sich wie folgt: 


Aen eee ee eee 
OS Oe Oey 


Das ergibt einen deutlichen Schwerpunkt bei 20°. Setzt man voraus, dass fiir 
Nephelin die Regelung durch mit fiir Quarz und Calcit vergleichbaren 'Transla- 
tionen erfolgte, so sollte bei einem <¢=20° eine solche Gleitebene (¢) ungefahr 
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bei t \ ¢=70° zu suchen sein. Nun ist, wie schon gesagt, nichts tiber mechanische 
Anisotropien und Translationsebenen fiir Nephelin bekannt. Optisch waren in 
den untersuchten Proben keinerlei Merkmale fiir Lamellenbildung, ete. 
sichtbar, was doch deren Existenz nicht auszuschliessen braucht, da beide 
Gesteine in Hinsicht auf die Bildung der gerichteten Gefiige postdeformativ 
kristallisiert sind. Will man obigen Winkel auf die Netzebenen des Gitters 
beziehen, so ware diese eventuelle Gleitebene nahe (1012) zu suchen. 

Wiirde man in solchem Falle obengenannte Regelungen als Resultat B-tek- 
tonitischer Formung auffassen, so kénnten Maximabesetzungen um c mit 
Minima in c nach obigen Prinzip s-Tektonite charakterisieren, wie z.B. in 
D14. Ubergange von s- zu B-Tektoniten mit Verbreiterung der Giirtel nahe c 
und entsprechende Haufungen um c sind ja recht gewohnlich fiir Quarz und 
Calcit. In D3 und Drs lasst sich vielleicht fiir Nephelin ahnliches sehen. 

Nephelin wird im geschlossenen Gefiige von Tiefengesteinen gewohnlicher- 
weise als xenomorph angesprochen. In Vulkaniten ist er als Einsprengling und 
in der Grundmasse dicktafelig bis kurzprismatisch. Wie beschrieben tritt er in 
vorliegenden Gesteinen in der Gefiigetracht des unregelmassigen und nach B 
gestreckten Kornes auf. Konfrontiert man das mit dem Regelungsmechanismus, 
so ist kristallographisch c bevorzugt rotationsfrei quer zur Langserstreckung 
der Korner orientiert. 

In erster Annaherung kann man sich folgende gefiigegenetische Erklarung 
denken: a) als Kornlangung // B durch unmittelbare regelungsmechanische 
Einfliisse, b) mittels BeckE-RiEcKE’s Prinzip der Kristallisationsverschieferung 
und schliesslich c) SANDER’s Wegsamkeitsprinzip. Zu a). Die Vergleichbarkeit 
der Regelungsbilder (in ac-gespaltene Giirtel) mit denen des translativ geregel- 
ten Quarzes und Calcites stiitzt diese Moglichkeit. Das Fehlen von Einkristall- 
versuchen mit Nachweis von Translationen, gleiche bisher optisch negative 
Erfahrungen, brauchen nicht unbedingt dagegen sprechen (z.B. leichte Re- 
kristallisationsfahigkeit /.c.). Konnte durch Einkristallversuche, die in Vor- 
bereitung sind, T'ranslationsmechanismus nachgewiesen werden, so wiirde der 
Fall eintreten, dass das Gefiigediagramm auf ein bisher verstecktes kristall- 
physikalisches Datum aufmerksam macht. Inwieweit in diesem Zusammenhang 
die Albitregelung als Fiir oder Wider herangezogen werden kann, muss solange 
unbeantwortet bleiben, bis wir wissen ob Feldspat durch Internrotationen in 
tautozonale Scherflachengefiige eingeregelt werden kann. Unsere Albit-Dia- 
gramme, als Endstadium einer Entwicklung gesehen, lassen sowohl Regelung 
nach der Korngestalt, als nach dem Kornbaue zu. Die niederindicierten Netz- 
ebenen des Albites sind dann jedenfalls nicht homotaktisch mit denen des 
Nephelins in das hol-Gefiige einorientiert. 

Zu b): Die fiir Nephelin erwiesenen hol-Flachen-Besetzungen schliessen das 
BECKE-RIECKE’sche Prinzip aus, auch wenn die Gefiigetracht allein eine Korn- 
gestaltregelung vortauschen kann. Fiir Albit hingegen ist die betrachtliche Lan- 
gung seiner Kornkonturen in B und s und die mechanische Unversehrtheit (mit 
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Ausnahme der schwachen Undulositiat) ein mogliches Kriterium fiir Kristallisa- 
tionsverschieferung. Die Gefiigediagramme beweisen weder, noch verneinen 
sie. 

Zu c): Will man das SAaNpER’sche Wegsamkeitsprinzip auf die Nephelin- 
regelung und Gefiigetracht beziehen, so miisste folgender Sachverhalt kon- 
struiert werden: In ein praexistierendes hol-Gefiige wandert Nephelin molekular 
ein, oder entsteht in ihm isochem z.B. durch Abzug von SiOP VEO setcaund 
lagert sich mit entsprechender Gitterebene in praexistierenden Gefiigeebenen an. 
Mit Ricksicht auf die Verteilung von Achsenmaxima und -minima sollte das 
bevorzugt (1012) sein, eine flache Pyramidenflache, die allerdings an freige- 
bildeten Kristallen ziemlich selten ist. Die Tatsache, dass Nephelin als Por- 
phyroblast mit Ri und si solchen Regelungen angehort, kénnte dafiir gewertet 
werden, ist aber nicht beweiskraftig, da nach Alternative a) postdeformatives 
Weiterwachstum nach der Wegsamkeit denkbar ist (Abbildungskristallisation). 

Ausser den /fol-Flachen als gedanklich mégliche Anlagerungsebenen fiir 
eingewanderten oder in situ gebildeten Nephelin, ware auch der Fall denkbar, 
dass das s-Teilgefiiges des Albites (010) bevorzugt in s) als anisotrope Aufwachs- 
wand fungiert. Den Regelungsdiagrammen entsprechend sollten dann doch 
verschiedene pyramidale und die basale Gitterebene beteiligt sein. Symme- 
trien und Winkel der Achsenmaxima- und -minimaverteilung sind doch hierauf 
schwerlich beziehbar. 

Schon an anderer Stelle wurde bedauert, dass solche stark polyminerali- 
sche Gefiige ein denkbar ungeeignetes Objekt fiir die prinzipielle erste Un- 
tersuchung des Regelungsmechanismus einer beteiligten Kornsorte sind, da 
die gegenseitige Beeinflussung der Gefiigegenossen bei tektonischer Formung 
gezwungenermassen keine gleich deutlichen Resultate liefern kann, wie an 
Einkristallen und monomineralischen Aggregaten. Das erschwert massgeblich 
den Versuch vorgefundene Regelungen genetisch zu deuten, was ja 
schliesslich das Ziel solcher gefiigepetrologischer Arbeit sein sollte. Mit Riick- 
sicht auf den augenblicklichen Stand unserer Kenntnisse tiber die Entstehungs- 
bedingungen gemeinsamer Regelung von Albit und Nephelin, ist, auch wenn 
ein gewisser Grad von Heterosymmetrie vorliegt, nicht selbstredend heterotak- 
tische Bildung zu folgern. Inwieweit die mineralfaziellen Ungleichgewichte 
beriicksichtigt werden miissen, bleibt vorlaufig offen. Das wurde gefiigeanalytisch 
nicht untersucht (z.B. Verhdltnis von s im Interngefiige zu s im Externgefiige, 
etc.) (1.c.). 

Um abschliessend auf einen der Ausgangspunkte zuriickzukommen, so wurde 
durch die konstatierte Nephelinregelung in kristallinen Schiefern (weitester 
Bedeutung) und ihre vorliegend erstmalige Deutung moglicherweise ein Weg 
geofinet, der fiir alkaline Tektonite im Nephelin einen gleichwertigen Indikator 
tektonischer Formungen hat, wie wir ihn seit langem in Quarz und Calcit bei 
mehr gewohnlichen deformierten gesteinen besitzen. Die Untersuchungen 
werden fortgesetzt. 
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Errata 


In den Diagrammen D4, Dog, Dio, Dit ist hol zu hol zu andern. 
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5. On the Alkali Rocks of Almunge 


A preliminary report on a new survey 
By 


R. Gorbatschev 


Asstract.—The Almunge alkali complex is composed of nepheline-bearing sodic, and 
nepheline-free alkali syenites. The nepheline-bearing rocks (canadites) form a series of dike 
and sill intrusions starting with theralites and ranging through mesotype nepheline-amphibole 
rocks to leucocratic cancrinite-nepheline-biotite syenites. The nepheline-free syenites (umpteki- 
tes) fail to disturb the pattern formed by the canadite intrusions. Powerful processes of assimila- 
tion and fenitisation were active during the formation of these rocks. Dike albitites and lestiva- 
rites are present in subordinate amounts and usually associate with zones of dislocation. 
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I. Introduction 


Some 18 miles east of Uppsala a body of alkali rocks pierces the surrounding 
Archean to form the Almunge alkali massif. Though reference in literature to 
the peculiar character of these rocks dates back to the sixties of the last century, 
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they were not then considered to be other than a differentiated facies of Archaean 
granites and as such did not attract special attention. Thus it was not until 
1912 that a systematic investigation of the alkali complex was begun. In his 
classic treatise of 1914, P. D. QuENSEL presents a rather detailed description 
of the chief alkali rock types as well as an account of their main structural fea- 
tures.! Basing his conclusions on the shape of the massif, its rock sequence and 
its structure plus an interpretation of the petrographic and tectonic pattern of 
the contact zones, QUENSEL suggests that the alkali district represents a deep- 
seated section through a volcanic neck of Late Archean age. Citing QUENSEL: 
‘The nepheline bearing rocks must be interpreted as older than the umptekite 
and can be explained as remains of the older magma which first filled the channel, 
but was followed by the intrusion of umptekite now enveloping some remains 
of the older rocks as great inclusions.” 

In spite of the brilliance of this first geological description much work 
remained to be done in the area. 

Professor ErR1K NorIn of Uppsala has, since 1945, conducted investigations 
into the geology of the alkali complex, resulting in a great number of significant 
new observations. The mapping work of that period was to a great extent 
carried out by student participants of the annual training-courses in geological 
field work. It was due to NorIn’s suggestion that the present author in 1955 
investigated some features of the western contact zone of the massif, this work 
later expanding to include all of the alkali rocks and their Archzean surround- 
ings. 

Thus, in 1957, a thorough revision of the geology of the Almunge area was 
launched, involving among other things a detailed remapping on a scale of 1 to 
5000. Since the present investigation is far from complete, field and laboratory 
work are to continue for some time, before the area can be considered ready for 
conclusive treatment. It will thus be found that considerable parts of the alkali 
massif have not yet been the object of more than a superficial survey. Moreover, 
due to the timetable of the present work, a number of very important stages of 
the investigation have, as yet, barely been tackled, or are still unfit for publica- 
tion. 

Sincere thanks are due to Prof. E. Norn, whose aid and suggestions greatly 
contributed to the progress of the work, and whose interest was a never failing 
source of inspiration. 

I am also much indebted to Prof. QUENSEL, who placed at my disposal a map 
prepared during his investigation of the area, and to Dr. E. Auman for com- 
municating several interesting field observations. Thanks are further due to 
Mr. O. WaLLNER, who has been — and still is—preparing a steadily growing 
number of thin sections of Almunge rocks. For financial support the author is 
indebted to the trustees of the field research funds of this university. 


* The story of the discovery of the massif and the previous surveys in the area is told by 
QUENSEL. ’ 
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The new chemical analyses presented here have been executed at the Dept. 
of Analytical Chemistry of the University of Uppsala under the supervision 
of Prof. F. Nypaut. 

The optical data of the respective minerals have been obtained using a micro- 
Scope equipped with a universal stage. The volumetric analyses have been 
carried out with a point-counter device; this, however, does not include exami- 
nations of contact rims and other smaller parts of slides, where a Leitz integra- 
tion-table has been employed. 

Niggli values for Q, L, M, x, y, « and y were calculated in accordance with 
Burri and Nicci (1945). 


II. Size, Rocks, and Main Structural Features 
of the Alkali Complex 


The alkali rocks of Almunge form an irregularly rounded area (cf. Map, PI. I) 
of some 15 sq. km, surrounded by Svecofennian Archzan supracrustals and 
plutonics. They can—with a certain degree of simplification—be divided into 
the following main types: 

(1) Nepheline-bearing rocks and their associates, termed canadites by 
Quensel. 

(2) Alkaline, nepheline-free and frequently somewhat quartz-bearing syenites 
constituting the umptekite group. 

(3) Albite-rich, fine-grained rocks, characteristically concentrated in the 
peripheric parts of the massif. 

In addition to this the list should include umptekite-canadite contact rocks 
(QUENSEL’s white canadites), different kinds of pegmatite, quartz-bearing rocks 
petrographically ranging from syenites to alkali granites, and finally, the 
important and diversified assembly of fenitised Svecofennian surroundings. 

The areal distribution of these constituting elements is of a by no means 
haphazard nature. The occurrences of nepheline-bearing rocks form a well- 
defined pattern, some of them joining in an obvious ring of comparatively small, 
mostly schistose en-echelon dikes, encompassing nearly all of the western, 
southern and northern peripheries of the alkali area. Whether or not there is 
a corresponding configuration in the east is as yet not definitely brought out 
by the mapping. In the eastern central part of the massif larger, multiple, lens- 
shaped bodies of the main canadite field display a conspicuous arrangement 
along a somewhat curved axis of north-northwesterly strike, running right 
through the alkali area from its northern to its south-eastern borders. In addition 
to this there is in the southern and central parts of the massif a set of canadite 
dikes, all of them striking in a north-easterly direction. Inside, or in the vicinity 
of, the outer contact zones of the alkali rock body the dip of the canadites is 
vertical to 70° toward the centre of the massif. Nepheline-bearing rocks 
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situated more centrally display less definite tectonic relationship, this being due 
to a great amount of disruption and hybridization of the contacts. Sub- 
horizontal parallel structures occur here, as do subhorizontal contacts bet- 
ween canadite and umptekite. A final evaluation of these observations has, 
however, been postponed, pending an investigation of some canadite bodies 
not yet mapped in sufficient detail. As pointed out by QUENSEL umptekites 
occupy the central parts of the alkali district and are in his opinion younger 
than the nepheline-bearing rocks. The shape of the area made up by them 
is rather irregular, its outlines projecting in places beyond the outer cana- 
dite ring, but more often failing to reach it, frequently missing it by a couple 
of hundred yards. Between the umptekites and the country-rock there is a 
broad belt of still macroscopically recognizable Svecofennian rocks in different 
stages of fenitisation. Moreover the umptekites, as contrasted with the cana- 
dites, include numerous and large slices of more or less fenitised Archean 
rocks. The contacts toward these inclusions and the canadites are in part 
intrusive and brecciating (Granby, Skallerbol, cf. Map, Pl. I.), but at least 
as often highly gradational, demonstrating step-by-step- umptekitization 
processes including intense microcline-perthite and antiperthite porphyroblas- 
tese. The orientation and distribution of the different Archean remnants 
is moreover by no means fortuitous; indeed, they easily allow of recon- 
struction of the prealkaline geology in substantial parts of the area now 
occupied by umptekitic rocks. The outer border of the alkali rocks roughly 
coincides with the peripheric ring of canadites, and is characterized by a zone 
of strongly schistose and leucocratic albite-rich aplitic rocks enveloping the alkali 
area. The environs of this roughly circular structure—bot in- and outside of it— 
are involved in different stages of fenitisation and pass gradually into often 
sodium-rich fine-grained marginal rocks and finally into umptekite. Having 
established this, there seems to be no point in further discussing the exact 
location of a ‘‘contact line’, it being impossible to define such a line except 
in terms of a haphazardly fixed amount of alkalinisation of the surrounding 
rocks or of a certain amount of alkaline dikes. There is certainly nothing like 
a sharp contact separating a compact mass of syenites from the Svecofennian 
country-rocks, but instead a transitional zone 50 to 500 metres wide between 
the two. 

In this connection some space must be allotted to what QUENSEL calls “a 
large amount of inclusions of dark rocks (which) have accumulated along the 
contact” and which he interpreted as “‘exogenous inclusions brought up from 
deeper levels by the rising umptekite magma” (QUENSEL, op. cit., p. 138-141, 
196). The present detailed survey of the contacts confirmed these observations, 
but it also revealed the existence of a widespread supracrustal series including 
among other things basic volcanics, and of masses of inclusions, dikes and bodies 
of supracrustal, hypabyssic and plutonic basic rocks in the surrounding Archean 
granite terrain. A correlation of these observations with the localities of dark 


ON THE ALKALI ROCKS OF ALMUNGE 5 


inclusions along the margin of the alkali complex showed good agreement 
between the two. Due to the great diversity of the country rock, to variations in 
its power to resist alteration by the umptekites and to colour contrasts enhanced 
during the fenitisation, there seems to be, in places, an apparently abnormal 
accumulation of dark fragments in the contact zone of the alkali rocks. However, 
in every case investigated—and this includes most of the contact zone—there 
were found to exist corresponding occurrences of dark rocks outside the belt of 
fenitisation. Besides, there are numerous inclusions of all kinds of fine-grained, 
often dark, rocks troughout the alkali area, which in some cases still display 
strike directions joining them to supracrustal or dike rocks outside the alkali 
massif. This not only does not corroborate, but indeed contradicts the earlier 
conception involving a supply of dark fragments from the depths. 


III. The Country Rocks 


The rocks bordering the alkali massif range from early Svecofennian supra- 
crustals to late Svecofennian granites. The oldest of these belong to what is 
known as the leptite series and include volcanics, limestone, and iron ores. 
They are exposed both east and west of the alkali complex, fragments of reddish 
and greyish leptites and grey porphyrites enclosed in granite touching upon 
its northern and eastern edge. 

Some of the supracrustals bordering on and included in the syenites, belong, 
however, to a folded, steep-dipping sedimentary series chiefly composed of 
stratified quartz-oligoclase gneisses, quartzites, and micaceous shists con- 
cordantly interbedded with basic layers probably representing altered tuffites 
or lava beds. These sediments locally grade into garnet-sillimanite and/or 
cordierite gneisses. Incidentally the ‘“‘cordierite-pseudoconglomerate”’ at L. 
Ellringe, which is mentioned by QUENSEL, is located in rocks belonging here. 

Sizable areas of supracrustals invaded by granites are found just off the nor- 
thern border of the alkali massif, where their strike runs in N and NE direc- 
tions. From here they can be traced past and through the alkali complex to its 
southern parts, where they divide into two major belts interrupted in places by 
granites. One of these stretches past Granby to the east, the other follows a 
SSW strike to the vicinity of Husby-Langhundra. Both eventually join the 
Widbo-Husby-Langhundra—Ranas gneisses partly described by WIMAN (1930). 

Middle Svecofennian infracrustals comprise generally strongly uralitised 
medium to coarse-grained basic and ultrabasic plutonics, diorites and granites. 
The basic rocks partly occur as small massifs of either pre- or postgranitic age. 
In other cases they form lenticular bodies which run parallel to the strike of the 
granites and then display very indefinite contact relations. Quartz-diorite, 
composed of andesine-labradorite, hornblende, quartz and essential amounts 
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of biotite, chlorite, epidote, and sphene, brecciates the supracrustals to form 
a large body immediately south of Lake Sédersjon. 

The granite group includes penetrating grey tonalites and granodiorites of 
the Uppsala type, grey or reddish grey intermediate, and finally red acid 
granites, the last mentioned invariably being the youngest of the series. Basic 
grey tonaites and granodiorites compose much of the country rock. They often 
display parallel structures and/or schistosity, thereby changing into gneiss- 
granites. Xenolites of supracrustal rocks are here exceedingly common. ‘The 
main constituents of the granodiorites and tonalites are partly sericitized ande- 
sine, quartz, common hornblende and biotite. Microcline is a constant consti- 
tuent, but occurs in highly varying amounts. Sphene, chlorite, epidote, apatite, 
ores, and allanite are common accessories. The intermediate granites to the 
south-east and north of the alkali complex are usually medium- to coarse-grained 
and, as often as not, carry white or pink microcline porphyroblasts. ‘They consist 
of microcline, plagioclase, quartz and biotite with fluorite as a rather constant 
accessory mineral. White fine- to coarse-grained, often porphyric granites are 
rather prominent in the northern and north-western parts-of the area sur- 
veyed. Invariably they are intimately associated with and grade into rocks 
belonging to the supracrustal series. Acid red granites and gneiss-granites 
occupy large areas at the SW, W and NE limits of the alkali complex as well 
as in its western central parts. They consist of quartz and roughly equal a- 
mounts of somewhat sericitized albite or albite-oligoclase and slightly perthitic 
microcline. he dark minerals include biotite, chlorite, hornblende and sphene 
and usually do not exceed 3° in weight. West of Almunge railway station 
this rock grades into leptitic gneisses. Intrusive contacts are frequently dis- 
played against the basic granite, gabbro, and rocks of the supracrustal series, 
more or less altered remains of all these occurring in the acid granite around 
Lake Fladen. At the contacts the attacked rocks often suffer a substantial in- 
crease their microcline and fluorite contents, the red granite invading the basic 
massifs losing in its turn most of its quartz and carrying up to 15 vol.% epidote. 
A selection of volumetric analyses of Svecofennian rocks of the Almunge district 
is tabulated on page 7. 

Late Svecofennian magmatic activity resulted in the formation of a great 
number of amphibolite dikes, some of them conforming with the foliation of 
the gneiss-granites, others crosscutting it, but then in some cases displaying 
linear structures running parallel to the schistosity of the country rock. The 
tectonics and mineral composition indicate at least three different generations. 

This was followed by a final migmatization locally implying potash-meta- 
somatism of the older rocks, and by intrusions of red and grey granitic, aplitic 
and pegmatitic rocks of the Stockholm granite clan. 

Broad shear zones are responsible for the subsequent formation of the Lake 
Sdédersjon and Karven valleys. The early and middle Svecofennian rocks and 
the amphibolite dikes bordering these zones bear witness to intense deforma- 
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Table r. Actual mineral composition of Archean Almunge rocks (vol. %) 
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tions accompanied by potash metasomatism and predetermining these tec- 
tonized belts to intrusions of dikes of Stockholm-granite conspicuously accumu- 
lated here. Post-Stockholm granite movements here produced faults and 
quartz-healed breccias. Curiously enough these inhomogenity zones are devoid 
of indisputable alkali rocks except for a couple of albite-aplite dikes. Another 
well discernible set of faults transverses the district in NS to NNE-SSW 
directions. 


IV. The Nepheline-Syenites 


The nepheline-bearing rocks, denoted by QuENSEL as canadites include a 
variety of types ranging from theralites to rocks all but devoid of dark minerals. 
In order to facilitate their description the canadites will be divided in accordance 
with their mineralogical and structural characteristics as follows: 

(1) Theralites and theralitic canadites. The line separating these rocks from 
the rest of the canadites is arbitrarily drawn at about 35-40 vol.°%, mafic miner- 
als. As can be deduced from specimens in the possession of the Mineralogical 
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Museum at Uppsala, this will exclude some types of QUENSEL’s theralitic 
canadites. Again, the above definition makes it possible to single out the group 
in the field, there being a hiatus in the structural development and areal distribu- 
tion of the nepheline-bearing rocks at abeut this percentage of dark minerals. 

(2) QUENSEL’s normal canadites. 

(3) Leucocratic canadites. 

(4) Schistose nepheline-syenites of the border zones. 

(5) Nepheline-syenite pegmatites. 

(6) A somewhat problematic rock at the northern margin of the alkali 
complex. 

Among the Almunge nepheline-syenites, the theralitic types are invariably 
the oldest. They often form fragments included in brecciating rocks belonging 
to groups 2 and 3 of the above list. This is the case for instance S and SW 
of Sagen and E of Skallerbol. Leucocratic nepheline-syenites are, with the 
possible exception of some pegmatites, the youngest of the series. Quantita- 
tively they are rather subordinate, often appearing only as small veins. 


1. Theralitic canadites 


Though gradual transitions to “normal” canadites do occur in places, the 
rocks now referred to generally form a fairly well delimited group. They 
occupy the central parts of the main canadite field dominating an area which 
stretches southwards from a point some 200 m ENE of Byske to the path 
connecting Skallerbol and Sagen. Other outcrops are found S and SW of this 
line and also at Upptorp, NE of Byske and other places. Preliminary estimates 
based on maps of the present survey show that theralitic rocks occupy about 
half the area made up of nepheline-syenites. 

As regards texture two main types of these blackish to dark grey, medium- 
or coarse-grained rocks can be discerned. One of them displays a well-developed 
trachytoid texture of automorphic and subautomorphic slender amphibole and 
plagioclase crystals surrounding spherical or short prismatic nepheline augen of a 
diameter usually ranging from 5 to 15 mm. This nepheline is spotted with small 
elongated automorphic amphiboles oriented at random and often concentrated 
to the periphery of the nepheline grains. The second type of texture is one of 
slender amphibole needles set in a xenomorphic groundmass of nepheline and 
plagioclase. This theralite variety is often encountered in small isolated or 
peripheric occurrences, as for instance at Upptorp, and possibly partly owes its 
development to a recrystallization of originally trachytoid types. 

The main minerals are, in the order of abundance, amphibole, plagioclase 
and nepheline plus alteration products. Biotite is sometimes an essential con- 
stituent whereas pyroxene, sphene, ores, and apatite constitute the minor 
minerals. In unaltered rocks the percentage of potash feldspar was never ob- 
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Fig. 1. Trachytoid theralitic canadite. 300 m NNE of Skallerbol. Photo G. Andersson. 


served to exceed 0.2. Composite potash-sodium feldspar is at times encount- 
ered in what was described as the second textural type. 

The plagioclase is an albite-oligoclase or, more often, an oligoclase-andesine, 
the An percentage of the latter varying between 25 and 35. As is the case in 
most other canadites closely-spaced polysynthetic twinning acc. to the albite 
law is extremely well developed. Although the plagioclase of non-marginal the- 
ralites has as a rule a fresh appearance, small grains of sericite and more seldom 
clinozoisite may frequently be encountered. ‘The amount of nepheline and its 
alteration products is comparatively constant at about 25°%. Well progressed 
alteration to sericite, analcite and fibrous zeolites is the rule, the pseudo- 
morph minerals commonly also including small amounts of calcite, cancrinite 
and zoisite. Analcite, while usually found inside the nepheline pseudomorphs 
of forming rims around (altered) nepheline crystals sometimes also replaces the 
inner parts of plagioclase laths, occasionally forming patches limited by the 
(oro) and (oor) planes of the host crystal. 

The amphibole is a brownish green one with rather low birefringence (about 
0.012-15), b= Y, c\ Z =20-30° and 2V, varying between 35 and 45°. Twinning 
on (100) is rare, diffusely zoned structures implying green borders around 
greenish brown cores studded with small sphene and ore crystals are, as a rule, 
well developed in most theralitic canadites. Absorption and pleochroism are: 
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Analysis No 1. Theralitic canadite, Upptorp. P. Quensel, op.cit., p. 182 


Weight % | MO ee ; Norm Niggli values 

SiO, 43.68 rewale or 11.74 si 99.0 

TOF 1.10 1.38 ab Toeues qz = 73.9 

Al,O, 20.15 19.77 an 18.00 al 26.9 

Fe;O; 2.94 1.84 ne 24.68 fm Bee 

FeO 8.97 12.49 hl 0.12 © 17.6 

MnO 0.23 0.32 eal 67.65 alk 18.3 
MgO 4.38 10.86 k 0.16 
C10 7.24 12.91 wo 3-50 mg 0.40 
Na,O 7.00 11.29 fs 1.86¢ di 6.97 f 1.43 
K,O 1.99 2.11 ei 1.61 ti 1.88 
POs 1.38 0.97 fa 8.33 ol 14.84 p 1.32 
F 0.20 1.05 fo 6.51 c/fm ©.47 
Cl 0.07 0.20 mt 4.26 Ww 0.14 

sme) 0.89 il 28Y) Q 16.2 

ee: ae 320 L 55-5 

Sum: 100.22 fr ee in en 
—O for F, Cl 0.10 fem 31.58 CLA 0.19 
100.12 Sam 99.23 y 0.19 
a 2.20 
Ea ©) 0.89 u 0.32 

100.12 
CIPW classification II: 6(7):2:4 ne:or:ab:an 30.5 ¢ 17.4.9 1914 3126.7 


Z=bluegreen> Y=green to brownish-green> X=greenish- or brownish- 
yellow. 

Small light green crystals of aegirinic diopside (c \ Z=>50°) are present in 
subordinate amounts, as also is sphene. Most of that mineral and some of the 
biotite are alteration products of the amphibole. Shades of green dominate 
the pleochroic colours of the biotite, brownish hues were sometimes observed 
in mafic theralites. Numerous apatite prisms are found in all specimens of 
theralite and canadite. Calcite, epidote, chlorite, prehnite, and garnet are of a 
secondary or deuteric origin. The last three minerals along with accessorily 
occurring cancrinite cannot be traced in most of the slides examined. 

The apparent order of crystallization in the theralitic canadites is: 


Pyroxene 
Amphibole 
Nepheline 


Albite a Es 


Biotite 
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Analysis No 2. Theralitic canadite, Skallerbol. General sample 
ee ee ee ee ae 


Boeri Mol. numbers eel 

Weight % | ae Norm Niggli values 

=i; 44.44 73-99 or 10.35 Si 106.0 

TiO, 1.48 1.85 ab 19.29 qz =(0R0 

Al,O, 18.15 17.81 an 16.94 al ZI 

Be,Os 2.78 1.74 ne 17.55 fm 36.2 

FeO 

i 9.23 12.85 mA amin c At 

nO 0.26 Cra 7) alk 16.8 
MgO 3.44 8.53 Ko) 5:54 k 0.16 
CaO 8.42 15.01 fs 3-32¢ di 11.12 mg 0.34 
Na,O 6.11 9.86 en 2.26 f 1.73 
i @) 1.75 1.86 fa Tp A ol 11.58 ti 2.65 
PIOs 1.33 0.94 fo Ae Pp 1.35 
S- (total) 0.05 0.16 aN 4003 CO, mos 
co, 0.32 0.73 il 2.81 c/fm 0.59 
F , 0.23 1.21 pu Osu) w 0.21 

H,072% 1.79 ap 3.16 Q 19.0 

ce : 

Sum: 99.78 fr ie le 23 

23 M Bory 
—O for F; S OFZ fem 33.76 IU Ola 
99.66 nnn 97.89 y 0.26 
H Onnw : $105°_ a Be} 
é 0.10 or fig 1.79 Lu 0.25 

99.68 
CIPW classification I1:6:2:4 ne:or:ab:an ApS Won Banu 8 AGA 


2. Normal canadites 


The normal canadite is generally a medium grained rock grey in colour. 
Trachytoid textures are only seldom encountered, the minerals are mostly 
xenomorphic and the rock massive. 

The amount of nepheline is usually somewhat higher than that of the thera- 
litic rocks and varies within wide limits: ijolitic rocks with as much as 50—70 
vol.°/, nepheline can thus be observed. The plagioclase is an all but pure albite, 
composite potash-sodium feldspars (soda-orthoclase) sometimes being present in 
fairly large amounts. Orthoclase and microcline do occur, but are not common, 
the latter mineral usually showing signs of a late origin. Its content in- 
creases markedly as the borders toward the umptekite are approached. Cancri- 
nite can occasionally be found in great amounts, but its distribution is some- 
what inhomogeneous, the mineral displaying a tendency to accumulate in 
streaks of more leucocratic rock. Nevertheless it can be said to be characteris- 


tic of most normal canadites. 
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Fig. 2. Detail map of part of the main canadite field. Legend: 1 =theralitic canadite, 2 =normal 
canadite, 3 =leucocratic canadite, 4 = white syenite, 5 =lestivarite, albitite, aplites, 6 = umptekite, 
7 =fenitised red granite, 8 =inclusions of supracrustals and metabasites.+ 


As to the dark minerals they are similar to the corresponding components of 
the theralites. Green biotite, however, holds a more prominent position. Both 
biotite and amphibole are commonly strongly corroded by the leucocratic 
minerals, especially albite. The original extent of the attacked amphibole grains 
is then often still traceable, being marked by rows of small sphene droplet- 
crystals which were left behind as the amphibole disintegrated (fig. 3 and 4). 
Bluish-green amphiboles and green borders in cases of zoning are rather 


1 In the area NW and W of Sagen new outcrops disclosed by forest-fire prove some of 
the canaditis here entered as isolated patches to form coherent N-S striking bodies. 
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Fig. 3. Residual sphene droplet-crystals in albite corroding amphibole. Norrby farm. 1 nic., 
220%. 


more prominent than in the theralites. The mineral also displays purer green 
or blue-green hues and lower axial angles. 

The other constituents are as listed under the previous heading, in addition 
to some garnet, allanite, and vesuvianite not to be encountered in most slides. 
As the occurrence of the last mentioned mineral has previously been the subject 
of much discussion, exceptional attention was paid to its position in the area. 
In the course of the present investigation all the vesuvianite localities mentioned 
by QUENSEL have been relocated, in addition to the discovery of a great number 
of other vesuvianite-bearing rocks. The results thus obtained show that vesu- 
vianite is not restricted to the canadites only, but also occurs in remnants of 
basic Archzean rocks enclosed in the umptekite. Concerning its presence in the 
canadites the mineral can, as mentioned by QUENSEL, be found at localities as 
far apart as one can go without leaving the alkali complex. Still, there is a very 
pronounced degree of order governing its distribution. The canadite rocks most 
abundant in vesuvianite were found to be transitional or border types, viz. 
fragments of theralite enclosed in normal canadite, border zones between 
normal and theralitic canadite and finally the white syenites which form contact 
aureoles separating canadite and umptekite, and which are to be described later. 
In contrast to this the central parts of larger normal or theralitic canadite bodies 
are devoid of vesuvianite. The metabasite remnants carrying the mineral are 
either supracrustal rocks or belong to bodies of altered uralite-gabbro. The last 
type of vesuvianite occurrence is important, contradicting as it is a possible 
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Analysis No 3. Normal canadite, Byske. P. Quensel, op.cit., p. 179 


De SSS SS Eee 


; Mol. numbers Neoeli al 
Weight % | ashe : Norm iggli values 
eee Se | ee ee es 

SiO, 48.60 80.92 or 13.36 si T3550 

TO? 1.34 1.68 ab 34.92 qz SF/GKO 

Al,O; 19.89 19.51 an 9.23 al 33-2 

Fe,O, 2.97 1.86 ne 20.76 fm 25.9 

FeO 5.76 8.02 th 0.18 c T7358 

6 

MnO 0.36 0.51 a “8.45 alk 27 

MgO io Seay k 0.15 
BaO 0.05 0.03 Wo o:98 rr mg 0.21 
CaO 4.43 7.90 fs ©.02 (op enioe fe 0.53 
Na,O 8.74 14.10 en Cbg! ti 2.81 
K,O 2.26 2.40 fa | ol 6.67 p 0.65 
CesO3 0.59 0.18 fo 2.08 CO, 4.18 
Pi Oz 0.56 0.39 Te 4.31 c/fm 0.51 
S 0.01 0.03 il 2.55 w 0.30 

SO, 0.10 0.13 pr 0.18 -Q 21.4 

CO; I.10 2.50 ap 1.31 L 61.6 

F 0.06 Ose oS 2.50 M 17.0 
H,O re fr 0.23 I 0.09 
Sam 99.87 fem 19.59 y 0.23 
: a — 3-47 
= ©) fons o0 0.03 Sum: 98.04 u one 

99.84 +10 7 
99-77 
CIPW classification Il: 6:2:4 ne:or:ab:an 26.5:17.1:44.6: 11.8 


influence of calcareous sediments on the genesis of the mineral. No vesuvianite 
has been found in the basic rocks and gneisses encompassing the alkali massif. 
The nearest occurrence is a limestone-skarn more than 10 km to the south 
(Wm™aN op. cit.), which, of course, is a rather natural place for vesuvianite to 
occur and which does not seem to have any direct bearing on the presence of 
the mineral in the Almunge rocks. 

T. [Nove and A. Mryasutro (1951) compare a number of vesuvianite analyses 
and conclude that vesuvianites from nepheline-syenitic rocks are characterized 
by higher contents of Al and Ti and lower of Ca and Mg than those from meta- 
morphosed calcareous rocks. While the number of analyzed specimens from 
nepheline-syenites is too low to permit statistical treatment, their chemical 
composition is, in most respects, well outside the field of metamorphic-calcare- 
ous-rock vesuvianite. 

The minerals commonly associated with vesuvianite in the Almunge rocks 
are albite, biotite, diopside and chlorite. Garnet occurs in the same type of rock 
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Fig. 4. Amphibole (upper right) replaced by albite and biotite. The sphene droplets here still 
retain their original orientation parallel to the c-axis of the amphibole. SW of Sagen. 1 nic., 
130, 


but not strictly together with vesuvianite. Instead they seem to take each others 
place. ‘The vesuvianite paragenesis is further characteristically low in amphibole, 
which gives place to biotite. When occurring in schistose rocks (deformed 
inclusions etc.) vesuvianite generally displays a manifest preferred orientation 
of the crystallographic c-axis parallel to the foliation. The crystals of the mineral 
here, as in other cases, occur either as single subautomorphic ones or in large 
radiating clusters frequently enclosing biotite, diopside, albite a.o. in a helicitic 
manner. While a detailed elucidation of the chemical and physical conditions of 
the formation of vesuvianite in the Almunge rocks requires more chemical 
data, and still more studies of the petrographic setting of the mineral, the facts 
presented above are considered to indicate an origin by contact influence and the 
action of metasomatizing alkaline solutions on rocks relatively richer in calcium. 
This origin is evidently similar to that proposed for the vesuvianites of Afrikanda 
and the Kola Peninsula alkali granites (CHUMAKOV et al., 1948). The optical 
data of vesuvianite are given by QUENSEL (op. cit., p. 173), the formula unit of 
the mineral (cf. WARREN and MobELL 1931) calculated to numbers of atoms on 
the basis of 72 anione valencies being: 


Cag.¢Nao4Ko0oMgo3Mno., Peg 7Feo4 Tio «Alo.s, Algo, AlosSig 634 


9.4 2.0 g.0 
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plus 4 anione valencies for (OH, F, etc). Now this may seem to be rather poor 
correspondence with the ideal formula, but does fit the mean actual com- 
position of the mineral (MacuHaTSCHKI 1932). 


- 


3. The leucocratic canadttes 


With the exception of some pegmatite dikes, these rocks are the youngest 
members of the canadite series, and crosscut the other nehpeline-syenites to 
form a number of veins and dikes of comparatively restricted dimensions. The 
best exposures are found by, and just east of, the car-track connecting the farm 
of Sagen with the Knutby-Almunge highroad. The rock here outcrops to form 
a 20 to 30 m wide NS striking elongated dike (Fig. 2). A general sample obtained 
in this locality is represented by analysis No. 4, the actual mineral composition 
of the central parts of the dike being given in Tab. 2 (No. 15). 

In the exposures S of Sagen there is in addition to the leucocratic canadite 
a subordinate amount of theralitic rock partly occurring along the eastern margin 
of the dike and in part forming a breccia of angular fragments and contorted 
slices inside the younger rock. 

Macroscopically the leucocratic canadite is of a white colour spotted with 
black biotite and a few blue sodalite grains. The texture is fine- to medium- 
grained and pronouncedly trachytoid, subparallel acicular crystals of feldspar 
2-4 mm long being readily recognized by the naked eye. Under the microscope 
this feldspar is seen to be an albite-microcline antiperthite, with a rather low 
percentage of potash feldspar. The antiperthite is of a string character, locally 
passing into a type intermediar between string and patch structure. Remnants 
of homogeneous Na-K felspar may also occasionally be found here. The ground- 
mass chiefly consits of nepheline, cancrinite, subordinate amounts of albite 
and interstitial microcline. Nepheline can now and then be seen to form most 
beautiful hexagonal prisms, displaying a succession of zones alternately poorer 
and richer in secondary sericitic mica. On the whole, however, all the minerals 
of the rock are of a remarkably fresh appearance. The cancrinite is one of the 
last minerals to have crystallized, since it fills the interstices between, and many 
of the cracks and cleavages inside, feldspar, biotite and nepheline. Corrosion 
of these minerals by cancrinite is common, and there are also a few grains 
of symplectitically intergrown cancrinite and albite. The remaining salic 
mineral, viz. sodalite is comparatively sparse, but occurs evenly distributed 
throughout the central parts of the rock. Its textural position is equivalent that 
of cancrinite. 

Biotite is the sole Fe-Mg mineral found in amounts warranting the position 
of an essential constituent. It is either of the green type common in the area or 
of a darker brownish shade. The leucocratic rock, as contrasted with most other 
types of canadite, is conspicuously poor in apatite; in addition to this mineral 
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Analysis No 4. Leucocratic canadite, Sagen. General sample 


I ee 
: Mol. 
Weight % | 2 peers Norm Niggli values 
SS ee ee ee ee ee ee ee 
SiO, 55-58 92.54 or 19.14 si Lowes 
COR O.11 0.14 ab 47.97 qz — 80.4 
Al,O, 21.59 21.18 ne 21.93 al 41.5 
Fe,O, 1.65 1.03 G 0.89 fm 12.5 
FeO 2.39 3:33 hl 0.08 e 5-6 
MnO 0.09 0.13 nc 0.28 alk 40.4 
MgO 0.35 0.87 ea nae k 0.17 
CaO 1.60 2.85 mg 0.14 
Na,O 10.66 17.20 fa asl ol 2.91 it 0.31 
K,O Buea: 3-44. fo 0.61 ti 0.27 
120) 0.06 0.04 mat 2.38 p 0.08 
> 0.02 0.06 il 0.21 CO, 5-70 
(COs 1.28 2.91 pr 0.04 c/fm 0.45 
F 0.03 0.16 ap O13 w 0.37 
(oil ’ 0.05 0.14 ce 2.65 Q ZIBB 
Hor? 1.16 fr 0.05 it; 67.7 
an 0g 86 fem 8.37 M 7.0 
’ is 0.01 
— O for §, Cl, F 0.03 me eegisecs ‘ ae 
SUES EEEEES EEE >105° : 
99.83 © 1.16 i = 8.44 
Wane 4a 0.05 99.82 bb (opp Ke) 
CIPW classification I:6:1:4 or:ab:ne Pil 5 SBOE LAS 


the only other accessories are a few grains of magnetite, natrolite, a secondary 
zeolite, and chlorite plus calcite of a very late crystallization. 

Chemically and mineralogically the leucocratic canadite is a logical member 
of the canadite series, for the tendencies of evolution found when comparing 
theralites with members of the normal canadite group here reach their height. 
There is thus a gradual fall in Ca, P, Mg and Fe, a continued rise of the Fe/Mg 
ratio and an utter enrichment in volatiles leading to the appearance of sodalite, 
the suppression of nepheline by cancrinite and the prevalence of biotite over 
amphibole. 

These rocks have consequently many features in common with some of the 
schistose canadites (cf. Ch. IV, heading 5) of the marginal ring. These similari- 
ties appear still more marked when the secondary alteration of the schis- 
tose rocks—involving among other things a rise in K and possibly also in Si—is 
given due consideration. 

The remaining (vein-)occurrences of leucocratic canadite appear to have a 
composition similar to that described here. The texture, however, is aplitic, 1.e. 
xenomorphic throughout and more or less massive. By gradual changes in 
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Table 2. Actual mineral composition of canaditic rocks (vol. %) 


Theralitic cana- 
dite, Upptorp 
Theralitic cana- 
dite, Skallerbol 
Normal canadite, 
Byske 
Leucocratic cana- 
dite, Sagen! 
Dike canadite, 
S of Seglinge 
Dike canadite, 
Granby school! 
Border zone of 
o7, 

Dike canadite, 
St. Ellringe 
Dike canadite, 
St. Ellringe, al- 
tered rock 
Schistose cana- 
dite, Uddnis? 
Schistose cana- 
dite, Oppgarden? 


. Schistose cancri- 


nite-canadite, 
Lilla Ellringe 
White vein 
schistose cana- 
dite, Uddnis 
Mylonitized 
schistose cana- 
dite, Uddnis 
Problematic rock, 


Norrby 


in 


1. Plagioclase 


51.6 


DOr 


1 Central parts of dike. 
2 Including 2.0 analcite. 


8 Including 8.6 analcite. 


4 Including chlorite. 


5 Including zeolites. 
8 Prehnite. 
7 Including some chlorite, garnet, and vesuvianite. 


An % of 1. 


5 


wn 
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2. Potash feldspar 


3. Nepheline 


pseudomorphs 


4. Nepheline 


cae 
oP ee, 
SN ee ak a 
a | Se ve 

ra je} 
<q So fe 
i) go is 
O | tn | a 
wn | 6 nS 


8. Amphibole 


Onis | bi5-4eLOlO2 mea | ee mee O.07) 
0.0 22.1 —| — |—}]29.1 
0.7 PREG regeoet| a= |eyfoil| coy it 
11.7 Sei 21.0| 0.7(S)| —| — 
6.1 ff 14.2] — |—]14.5 
1.6] 10.1 24.73] —-| — |—115.2 
Bat 8.4 CL@\) = fe 
6.0 14.9 —| — |0.0}28.3 
4.9 122 —| — |—/10.9 
24.5 19.8 0.0; — —| 2.5 
24.4 20.2 0.0} — |—| 0.6 
16.7 12.6 5.6] —~- | —| 1.1 
39.1 5.2 6.2}18.0(A)| —| — 
Wee 10 

42.7 


g. Biotite 
10. Calcite 
11. Sphene 
12. Ores 


13. Epidote 


14. Apatite 


Fluorite 


1S 


16. Muscovite not 
— included in 4. 


1.8 | —]o0.5|0.4| —|2.0] —] —+ 
| 

8.1 |0.4]0.7|0.2| —]|2.8 |) — aI 

5-4 |0.0]0.5]0.4]0.7/0.9] —| on 

3-0 | 0.4 0.9 O.1 OL 

7.9 | —| —|0.6]0.4]0.7} —| — 

2.2 ||1.8]0.2]0.0|0.0]1.0] ——| Bea 

28.5 |o.1| —]0.1] —]o0.2]0.0 , 

1.6 |0.0/'1.0]0.1]0.1| 1.7) — a 
| 

12277)|\O-0 15311023) 2-9) |. re 

8.2 |0.1]0.0]0.9]0.0] 0.1] 0.0 

6.2 |0.1]0.0] 1.3}0.4]0.1]0.0 

10.8 |0.0]0.0] 1.3] —J|o.1]o.1 

9.6 | —] —]o0.4] —]o.0]0.0 

10.14]0,5]0.0/4.9]0.1]0.1]0.2] 17.! 


0:8: [0.1 | 2.1.0.7 |.Ost)| 2,0) 
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grain size the rock of the light veins passes into canadite-pegmatites, thus under- 
lining the intimate relationship between and the similar PTx conditions gover- 
ning the formation of both rocks. 


4. Canadtte pegmatites 


Pegmatitic dikes and veins are found in most canadite varieties which form 
the large field of that rock in the eastern parts of the alkali complex. As is to be 
expected they are frequent in felsic and rather uncommon in theralitic varieties 
of nepheline-syenite. Compositionally they range from rocks farily rich in dark 
minerals (hastingsite and biotite) to types made up of nepheline, cancrinite and 
feldspars only. The former kind is often beautifully zoned; rims rich in large 
slender amphibole crystals oriented at right angles to the strike of the vein 
surround cores of white albite and nepheline. Since the main object of the 
early stages of the present investigation was an elucidation of the basic features 
of the geology of the district, no scanning of the pegmatites for rare minerals 
has yet been made. QUENSEL mentions malacone and orangite, and the list still 
has this appearance. The pegmatites of the present heading are, at a superficial 
glance, easy to confuse with, but should be kept apart from, pegmatitically 
developed rocks generated at the contacts between canadite and umptekite. 


Two isolated parallel canadite pegmatite dikes of about 150 by 1 meters are 
to be found by the eastern shore of Lake Fladen, roughly halfway between 
Seglinge and Granby. These pegmatites are white feldspar rocks ablaze with 
pink (decomposed) nepheline crystals and bearing a limited amount of biotite 
in addition to which there are a few shreds of fine-grained distorted biotite 
rock specked with large white albite augen enclosed inside the dikes. Incidentally, 
this pegmatite is one of the occurrences of nepheline-syenite dikes, where the 
younger age of the surrounding umptekite—here a coarse pegmatitic rock—is 
not immediately obvious. This means that the contacts are entirely transitional. 
As the locality, discovered in the autumn of 1959, has not yet been the object of 
microscopic and microtectonic examination no premature speculations should, 
however, be invited here. 


5. Dike canadites and schistose nepheline-syenttes 


As intimated above a number of steeply dipping canadite dikes exist in the 
southern, central and northwestern parts of the alkali massif. The width of these 
bodies is between 1 and 10 metres and, even when considerably altered, em- 
bayed and occasionally interrupted by umptekite, some of them can be followed 
over a distance of several hundred metres. Mineralogically and chemically 
these rocks are comparable with the normal canadites, the differences, including 
higher K and sometimes fairly large contents of fluorite, being such as can 
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Analysis No 5. Dike canadite, Granby 
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easily be explained by interaction with the surrounding umptekite. Though 
never essentially richer in femic minerals than most of the normal canadi- 
tes the dike rocks, due to the fineness of the grain (0.5—3 mm) are usually of a 
much darker blackish colour. 

Other features distinguishing the dike rocks from the ‘‘normal’’ massive 
type are the lack of composite alkali feldspars and the occasional abundance 
of microcline, this mineral, however, always being of a late nature. Cancrinite 
may or may not appear as an important primary constituent. 

The nepheline is, as a rule, completely altered into brick-red pseudomorphs 
made up of flaky sericitic mica set in a groundmass of analcite. In many cases 
the alteration has proceeded still farther, the only remnants of the original 
mineral being streaks and patches of muscovite interlaced with sparse veins of 
analcite. At this stage there usually is a pronounced increase in biotite replacing 
amphibole. Chlorite, garnet, and vesuvianite now also enter the paragenesis. 

In thin-slides the amphibole is seen to belong to a bright blue-green variety, 
among the greenest found in canadite rocks. As to its optical properties there 


are pronounced resemblances with the Almunge hastingsite (very low 2V, high 
angles of extinction), 


ON THE ALKALI ROCKS OF ALMUNGE 21 


Analysis No 6. Dike canadite, Granby; dike margin 
ee ea a etl ie NS 
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Texturally the dike canadites are most frequently trachytoid, long tabular 
crystals of albite and short prisms of nepheline then spotting the rock. In the 
vicinity of the contacts toward umptekite this texture often changes into a 
granular one, involving interstitial and porphyroblastic microcline(-perthite) 
in a mass of albite and biotite. This facies is devoid of lenads, the alteration of 
nepheline proceeding as described above. By the action of shearing stress 
schistosity is often produced. The rock thus affected is apt to lose some of its 
salic components leaving the residue rich in biotite, ‘The chemical effects of 
this tectonization, combined with the results of some umptekitization are 
demonstrated by the analysis (No. 6) of the marginal schistose parts of dike 
canadite from Granby school. 

An essentially similar petrographic character is displayed by the canadite of 
Stora Elringe. This rock forms a couple of parallel dikes or lenses, which follow 
a somewhat curved course relating them to the outer canadite ring. The main 
minerals are the usual ones, viz. albite, nepheline, amphibole, and some biotite. 
The Stora Ellringe canadite, in addition is particularly rich in secondary epidote 
and prehnite forming large bow-tie clusters. Garnet and vesuvianite can also be 
found here. Zones of deformation following directions parallel to the strike 
of the dikes, and thus also parallel to the outer margins of the alkali complex, 
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Fig. 5. Schistose nepheline-syenite. 500 m WNW of Uddnis. 


produce a gneissose granular texture in places relating the rock to the schistose 
rest of the canadite ring to be described next.1 

These rocks are fine-grained (average grain diameter 0.3-1.5 mm) granular 
and form a number of branching curved dikes 5 to 30 metres wide. The dikes 
run all the way from Oppgarden past Uddnas, Lake Fladen and Ellringe to the 
northern parts of the massif, where the rock group is represented by some 
strongly altered remnants well inside the umptekite field. 

Albite, microcline and considerably altered nepheline form the bulk of the 
rock. Green biotite is constantly present in amounts of between 5 and 10%, 
magnetite, apatite, epidote and fluorite constituting the accessory minerals. 
Amphibole contents are invariably low. A great deal of the potash-feldspar is 
metasomatic, being introduced by interaction with the surrounding fenites. 
This fact is clearly demonstrated by manifest accumulations of the mineral in 
marginal and altered portions of the rock. The albite is of a very sodic composi- 
tion and practically devoid of polysynthetic twinning. It has generally undergone 
little decomposition. In many sections there are several distinct generations of 


feldspar mirroring the history of the rock from its emplacement to the final 
stages of fenitising activity. 


1 The same is the case also at Andersberg, where the schistose canadite is in direct con- 
tinuation of the main canadite body stretching down from Skallerbol, and not a separate oc- 
currence as shown in QUENSEL’s (op. cit.) map. As the investigation of the area in question 


was completed subsequent to the preparation of the map (PI. I), this canadite and some other 
dikes parallel to it, could not be entered there. 
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Macroscopically greyish-white nepheline crystals acquire light green hues 
as the content of secondary sericite flakes becomes prominent. Brick-red pseudo- 
morphs, of a type recorded above, consist of sericitic mica set in analcite. This 
composition is confirmed by X-ray analysis, indicating analcite, muscovite 
and some calcite, only the strongest reflections of the latter mineral being visible 
on the film. The 3.34 A line of muscovite is very weak in both recordings made. 
The flakes of pseudomorphous mica are usually orientated either parallel to or 
at right angles to the c-axis of the disintegrating host. Additional minerals enter- 
ing the nepheline pseudomorphs are epidote, cancrinite, natrolite, a zeolite 
of thompsonitic affinities and, rarely, some hematite pigmentation. Very often 
there are rims of analcite round the decomposed nepheline crystals. This analcite 
also strongly corrodes the surrounding feldspar grains, penetrating them by 
the way of cracks and intergranular boundaries. 

The sparse amphibole is of a hastingsitic character. The central parts of the 
dikes are the preferred habitat of this mineral, its contents rapidly diminishing to 
the point of complete suppression, as the neighbourhood of strongly schistose 
zones, contacts and areas rich in microcline is approached. Cancrinite (1, =1.524) 
may or may not be present in essential amounts. The first is, for instance, the 
case at Lilla Ellringe and the southernmost outcrops at Uddnas. 

The schistosity of the rock is, as mentioned by QuENSEL chiefly due to the 
subparallel arrangement of the mafic minerals in addition to which the granular 
nepheline is accumulated in streaks. Veins of younger rocks (lestivarites etc), 
as a rule, also follow the directions of foliation. 

The mineral proportions, as determined in a great number of thin-slides 
(mean compositions given in Tab. 2), are, in spite of this, fairly consistent. 
The existent banding is, consequently, largely due to differences in size of 
grain, fine-grained layers appearing dark in comparison with coarser rock of 
the same composition. Actual differences are, moreover, largely compensated 
within sections represented by slides cut at right angles to the direction of 
strike. 

White comparatively coarse schlieren of a composition different from that of 
the bulk of the schistose nepheline-syenite, do nevertheless occur in many of the 
outcrops. The volumetric analysis included in ‘Tab. 2 represents one of these 
white veins from a locality 300 m S of Lake Fladen. The slides here examined 
include shreds and border-zones of normal schistose rock, which produces 
higher biotite and albite values than those warranted by the actual composition 
of the white vein. Apart from this, the vein rock appears to be rich in micro- 
cline, cancrinite and analcite. The borders toward the surroundings are rather 
diffuse and marked by minute veinlets of analcite and corroding intergranular 
rims of this mineral. When best developed this mode of occurrence results in a 
groundmass of analcite enclosing replacement remnants of the original feldspars. 
The biotite of the attacked rock is often broken and crenulated, thus giving the 
impression of dynamic alterations accompanying the emplacement of the 
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Analysis No 7. Schistose nepheline-syenite, L. Ellringe. P. Quensel, op.cit., 
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white veins. The analcite veinlets are often bordered by o.1-0.2 mm wide zones of 
symplectitically intergrown analcite, albite and/or a very fine-grained scaly 
mass of sericite, probably secondary after nepheline. Symplectites are also 
typical of the “white veins” proper, and here imply analcite-feldspar and 
cancrinite-feldspar intergrowths. Large crystals of cancrinite, analcite and mi- 
crocline are further prominent. 

Locally analcite and calcite also fill younger shear-zones parallel to, and 
tension-cracks intersecting the schistose nepheline-syenite obliquely to its 
strike. 

Still later than these are zones of crushing conforming with the borders of 
the alkali complex and mylonitizing the rock immediately south of Lake 
Fladen. ‘The nepheline pseudomorphs are here distorted into streaks of musco- 
vite. Biotite also suffers disintegration and is pseudomorphosed into chlorite and 
muscovite spotted with blebs of iron ore. Calcite is prominent, as are fluorite 
and ochreous hydrated iron oxides. This mineral composition indicates crushing 
stress at low temperatures, plus an influx of volatiles. By comparison with the 
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Fig. 6. Symplectitically intergrown albite and cancrinite in a light vein corroding schistose 
nepheline-syenite. Black: analcite. 300 m S of Lake Fladen. 2 nic., 130. 


structures of the surrounding fenites, the alteration is found to have taken place 
at a late stage in the history of the alkali complex, but still before the final 
cessation of the activities responsible for its formation. A more complete eluci- 
dation of the tectonic features of the contact zones of the massif, accompanied by 
detailed maps is now in preparation and will be published later. 


The schistosity of the rocks described above has, time and again, induced 
geologists visiting the area, to suggest an origin by nephelinisation of paragneiss, 
i.e. a process similar to that described from the Bancroft, Ont. area (GUMMER 
and Burr 1946). This mode of origin is, however, strongly contradicted by the 
ring configuration of the schistose nepheline-syenites, forming well-defined 
dikes, with strikes often at high angles to the foliation of the supracrustals found 
in the surrounding terrain. This per se conclusive evidence is further supported 
by the petrographic character of the nepheline-bearing rocks, which differs 
profoundly from that of any of the fenitised gneisses in the area. 

The texture which was considered by QUENSEL to be of a protoclastic nature, 
is, by analogy with conditions prevailing in the surrounding fenites, and by 
reasons of compositional and PT-facies differences found within the dikes, 
assumed to be a result of post-magmatic recrystallization. 

Remnants of tabular feldspar found in the central amphibole-rich parts of 
the schistose canadite at L. Ellringe are suggestive of an original trachytoid 


26 R. GORBATSCHEV 


texture, and thus liable to strengthen the conclusions arrived at by the present 
author. 

There are also drag-folds and other tectonic features not very compatible with 
a magmatic origin of the texture now existing. Except for the local areas of late 
deformation described above no bent, broken, contorted or otherwise deformed 
crystals of the main constituent minerals can be detected. The texture and 
mineral composition which now exist must consequently be syn- or posttectonic 
in relation to the phase of deformation which gave the rock its present granular 
schistose dress. 

The absence of any signs of gradual nephelinisation in the dikes or in their 
surroundings and the absence of compositional interdependence between the 
bedrock and the schistose nepheline-syenite is liable to abrogate the case of an 
origin by the mineralization of shear zones. Thus there seems to be no reason to 
introduce a mode of origin different from that of the rest of the canadites, which, 
on evidence at present available, is thought to be one of a succession of mag- 
matic intrusions, partly followed by alterations at pegmatitic and lower temper- 
ature conditions. 


6. Problematic rocks 


By the pond on the hillock between the Old and New Norrby farms there are 
exposures of a “‘diorite” of peculiar character and still unsettled genetic relations. 

This is a medium-grained dark grey rock, which displays a texture of slender 
amphibole prisms, enveloped by a mass of large feldspar crystals. In hand 
specimens the rock cannot readily be distinguished from theralite of what has 
been described as the second textural type. The main constituents are andesine 
and amphibole occurring together with subordinate amounts of biotite, sphene, 
and apatite. "he amphibole displays pleochroic colours and absorption charac- 
teristic of its counterparts in the mafic theralitic canadites (cf. p. 10). The 
extinction c/ Z varies between 18 and 28 degrees, with b= Y and 2V usually 
about 38-40°, but occasionally as high as 55—60°. As is the case with the amphi- 
bole of the canadites the mineral fails to extinguish in sections cut at low and 
medium angles to the c-axis. This and rather strong absorption put difficulties 
in the way of an exact determination of the optical data. Brown-green zoning and 
corrosion by the plagioclase with subsequent formation of residual sphene 
droplets are quite common. 

The plagioclase is generally only moderately altered. There are nevertheless 
clusters of large flakes of sericitic mica, which may or may not represent dis- 
integrated pseudomorphs of originally present nepheline, althought no traces of 
this mineral entering the norm to an amount of 8% can be discovered. 

The chemical composition of a specimen from the central parts of the 
occurrence is represented by analysis No. 8. In comparison with data obtained 
by planimetric analysis of a number of thin-slides (Tab. 2) the chemically 
determined P,O, value seems to be rather too low. 
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Analysis No 8. Problematic theralite, Norrby 
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Umptekite and fenites surround the problematic “‘diorite’’, its marginal parts 
being hybridized into a kind of migmatitic gneiss composed of dark fine-grained 
biotite-amphibole-diopside and red albite-microcline-perthite schlieren. Event- 
ually the migmatite grades into umptekite unusually rich in dark minerals. This 
marginal zone incidentally includes a type locality of QUENSEL’s “dark fragments” 
(QUENSEL, op. cit., p. 140 and PI. II, Fig. 1). In varieties of “‘diorite” less perme- 
ated by umptekitization single microcline-perthite porphyroblasts and secondary 
schistosity are exceedingly common. The central parts of the problematic rock- 
body are however massive and quite devoid of potash-feldspar. 

Two possible modes of origin must be considered in classifying the rock here 
described: either it belongs to the canadite family or else it represents a very 
thoroughly fenitised Archean diorite or gabbro. The texture of even the most 
central parts may be—and probably is—secondary and thus not very helpful. 
Large bodies of Archean basic rocks are present in the vicinity and may be 
taken to support the latter mode of origin. The mineralogical and chemical 
compositions, the latter fitting the characteristics of a theralite, seem however to 
speak in favour of the alternate genetic possibility: e.g. the low K,O value 
strongly counterindicates fenitisation. So also do some of the field features, as, for 
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instance, the following: The intermediary Archean granite bordering the 
“diorite” in the north and separated from it by only a few metres of nordmark- 
itic umptekite is rather weakly fenitised. If the problematic rock be an altered 
member of the bedrock, this fact must be*said to be rather unexpected, since 
experience in other parts of the alkali complex proves basic rocks to be consider- 
ably more resistant against fenitisation than granites in comparable position. 
A fully satisfactory solution of the problems here proposed, however, requires 
considerably more work in the investigation of the, as yet, incompletely surveyed 
northern border of the alkali massif. 

Small occurrences of rocks similar to that considered here are found NNW 
of Ryggestalund and by the path connecting Hallen and Sagen. 


7. Contact relations of the canadttes 
a. Archean rocks 


Most of the canadite is situated well inside the umptekite area and thus, 
naturally, does not come into direct contact with unaltered Archzean bedrock. 
Still, there are localities along the borders of the complex where schistose 
nepheline-syenites would be expected to border on Svecofennian granites and 
supracrustals. 

Even at these localities, however, there always are zones of umptekite or 
aplitic lestivarite separating the canadites from the Archzan. These interposited 
rocks are clearly younger than the canadites, and consequently cannot be 
considered a simple unaltered result of contact fenitisation. In view of the 
tectonically disturbed character of the areas surrounding the marginal canadite, 
this fact is of course not directly surprising: later intrusions and metasoma- 
tising solutions naturally did follow the avenues of ascent once opened by the 
canadites and by the accompanying tectonic action. 

This means however that the contact alterations and possible fenitisation, 
accompanying the intrusion of the canadites, are clouded by the ‘results of 
later petrogenetic activities. 

Among the phenomena located in Archeean rock, which can be assigned 
to the contact influence of canadite with a reasonable degree of probability, 
are porphyroblastic calcite-cancrinite lenses in fragments of metabasite 0.5 
to 5 m from the contact of a 10 m broad canadite dike at Granby school. 
The metabasite fragments rest in umptekite, which also carries remnants of 
quartzite and other sedimentary and igneous Archean rocks. The umptekite 
causes alterations in the contact facies of the canadite and some 50 m farther off, 
though in a zone of tectonic disturbance, disrupts that rock, thus probably be- 
ing the younger. The absence of features comparable to the occurrence of 
cancrinite mentioned here, elsewhere in the umptekite area, as well as the 
areal interdependence between canadite and the cancrinite porphyroblasts 
strongly suggests a causal relationship between the two. 
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Fig. 7. Altered inclusion in normal canadite. ESE of Skallerbol. Photo B. Bohlin. 


Inclusions of foreign rocks in the canadites are rather rare: there are a 
couple of contorted remnants of biotite-amphibole-andesine metabasite partly 
transformed into aegirine-albite hornfels in the schistose canadite S of Lake 
Fladen, and a similar fragment NE of Skallerbol, as well as some inclusions of 
doubtful affiliation in the normal canadite of the Skallerbol-Sagen area. The 
latter rock fragments are basic and completely transformed into a nepheline- 
syenite showing long amphibole needles poikilitically enclosed within large 
fields of albite and nepheline (Fig. 7). Some vesuvianite appears here. These 
altered inclusions are possibly derived from Archzean rock, but may represent 
fragments of theralitic canadite as well. 


b. Umptekite-contacts 


The contacts between umptekite and rocks of the canadite group are of two 
commonly occurring types. One of these involves transitional white syenites, 
the other is either abrupt or characterized by the occurrence of gradual mineral- 
ogical changes. 

The white nepheline-syenites, so called by QUENSEL, are developed along the 
margins of a decided majority of canadite bodies, and also appear as isolated 
patches inside the umptekite terrain. The adjoining canadites, especially the 
leucocrate and normal ones, are very frequently of a pegmatitic development 
passing by degrees into the white rock. In other cases the zone of transition 
between the two is one of minute diffuse white feldspar schlieren and porphyro- 
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Fig. 8. White transitional syenite in normal canadite. Note the basic rim around the lens 
of white syenite. ESE of Skallerbol. Photo B. Bohlin. 


blasts infesting the canadite. The dark minerals of the canadite then recrys- 
tallize, and accumulate in patches to be corroded by the growing feldspars as 
the rock gradually turns into white syenite. Poikilitic intergrowth is hereby 
produced. In addition rims of dark minerals frequently accumulate around 
clusters of feldspar porphyroblasts in the canadite, or at the borders between that 
rock and more compact patches of white syenite (Fig. 8). 

In several places, so for instance around Byske and in the Sagen—Skal- 
lerbol area, the marginal parts of canadite dikes carry abundant angular 
fragments of white transitional syenite as well as umptekite in part surro- 
unded by the white rock. There are also localities where these remnants 
are deformed and pass into pegmatitic veins criss-crossing the umptekite- 
canadite contacts. Also in the Hallen area the trachytoid umptekite found 
there is cut by dikes of hybridic pegmatites passing into canadite-pegmati- 
tes and canadite. These observations—though sometimes admittedly inter- 
pretable in more than one way—together with the dike-shaped configuration 
and other features of most canadite bodies, suggest some of the umptekites 
to be older than the nepheline-syenite intrusions. Again, the details of the 
contacts between umptekite and canadite prove a very intense hybridization 
and secondary alteration of the latter rock, the surrounding umptekites and 
white syenites in development of textures and mineral alterations very often 
being the attacking rock. Furthermore there is the indisputable fact of 
umptekite and especially lestivarite dikes traversing the canadites. The ump- 
tekites of these dikes are, however, very often of a sodic fine-grained lesti- 
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varitic type or belong to the quartz-bearing kind of dike rock described 
below (Ch. VI:2), and form dikes in the umptekites as well. 

A final-answer to the problem of umptekite-canadite age relations is thus 
depending on the results of the still very incomplete investigation of the 
white transitional syenites. 

As far as can be ascertained now, the umptekite-canadite relations are of 
a more complicated character than hithero assumed and involve several 
phases of intrusion, plastic deformation and metasomatic alteration. The 
white transitional rocks are thus, at the present stage of investigation, 
assumed to be the result both of canadite contact influence on its surround- 
ing rock, whether this be umptekite or Archean rocks later umptekitized, 
and of subsequent hybridization during what might be termed the final 
development of the umptekites and the emplacement of lestivarites and 
mostly fine-grained leucocratic dike umptekites. 

The contacts of the white rock toward umptekite are, as a rule, wholly 
transitional, the only exception to this being found S of Sagen. There a coarse- 
grained pinkish-white transitional rock—the product of a very gradual change 
from canadite—is seen to border sharply upon a very sodic albitized ump- 
tekite of a rather similar composition, but finer grain-size and pronounced pa- 
rallel structure crosscut by the whitish rock. 

The umptekite bordering on white syenite is often unusually rich in sodium- 
feldspar, this characteristic persisting for a surprisingly long distance into 
seemingly normal umptekite. 

While the white rock, taken as whole, obviously is a transitional facies be- 
tween canadite and umptekite these areas may also harbour pegmatitic late 
differentiates of the canadites, rocks formed by fenitising solutions advancing 
along the compositional and structural inhomogenities, represented by the 
borders between the canadites and their surroundings, as well as other genetic- 
ally inhomogeneous elements. As the investigation of the white syenites is still 
in an embryonic stage, it would be premature to discuss now the problems 
belonging here. The same is also true of a systematic petrographic description of 
the rock group. All detail which cannot yet be evaluated in its context will 
therefore be withheld for the time being. In addition to the characteristics given 
by QUENSEL, viz. richness in albite, relative abundance of microcline and the 
gradual disappearance of nepheline etc., the regular presence of various mineral 
facies, reflecting an orderly gradual change of the conditions of rock formation 
should however be noted. As to the dark minerals, these groupings include e.g. 
chlorite-ore-vesuvianite, epidote, biotite-garnet, biotite-amphibole, aegirinaugite 
and other parageneses. Zones of intense feldspars hydration are prominent in 
places and macroscopically appear as belts of salmon-red rock. None of the 
original amphibole of the canadites escapes destruction during the alteration of 
the rock. As indicated by the abundant presence of fluorite, zircon, calcite etc, 
volatiles and mineralizers were prominent during the formation of the white 
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Analysis No 9. White canadite. P. Quensel, op.cit., p. 185 


ee. SE eae 


Weight % | eee Norm Nigaliveduce 
by a She sigs Be AL Se Ee ee 
SiO, 52.04 86.65 or 14.02 si 156.9 

OF 0.26 0.33 ab 46.77 qz 50-0 

Al,O; 23-92 23-47 an 6.45 al 42.5 

Be,O7 1.46 0.91 ne 12.98 fm 20.8 

FeO 4.18 5-82 c 5.24 c WEF 

MnO O.1I 0.16 3 Shex6 alk 29.0 
MgO 1.50 SUG k 0.16 
CaO 2.38 4.24 fa | ol 7.45 mg 0.32 
Na,O 8.36 13.49 fo 2.62 ti 0.60 
K,O 2.37 DP? ee 2.11 p 0.33 
PAO; 0.26 0.18 il Che CO, 2.39 
CO, 0.58 1232 aD 0.61 c/fm 0.37 
H,O 2.21 we 32 w 0.23 

fem 11.99 Q 27.8 

6 

Sum 99.03 ae nea 2 0 60.0 

: M 222 
Sd ©) page a ae 

99.66 Y ° 
a — 2.99 
0.32 
CIPW classification 1:6:2:4 or:ab:an:ne We Se5OsG LO On Eas 


rock. This conclusion is also supported by the dominant position of rock-types 
displaying pegmatitic size of grain. Regarding analysis No. g, recalculated from 
QUENSEL’s paper, nothing is known about the field relations or the mineralogical 
position of the rock. Its presence in this paper however serves to illustrate the 
trends of hybridization, among which the rise of the k and mg values of the 
canadite should be especially noted. Parallels to these features in the outer con- 
tact zone of the massif will be given later (Ch. VI). 

Umptekite-canadite contacts not involving white syenites are in places (e.g. 
NW and S of Skallerbol) of a breccia-like character, numerous veins of (peg- 
matitic) umptekite intersecting the older rock. The canadite fragments of the 
breccias are strongly altered and locally deformed, in which case they appear as 
slices arranged parallel to the strike of the rather sodic umptekite forming dikes 
in the canadite. This type of contact gives the impression of considerable mo- 
vement inside the younger rock. 

In other cases the canadite very gradually becomes enriched in microcline, 
which, together with the decomposition of nepheline and the locally occurring 
hydration of the original plagioclase contributes to give the rock a brick-red 
colour. The texture is not perceptibly affected in the early stages of alteration, 
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but granulation of the feldspars takes place as the “umptekitization” proceeds. 
The amphibole of the canadite gradually changes character, but still retains the 
acicular habitus so characteristic of that mineral. This feature and an unusually 
high content of dark minerals and plagioclase persist far into otherwise normal- 
looking mostly fine-grained umptekite. 

Contacts of the type last described are found between Byske and Eneby and 
also E of Seglinge, at Upptorp and other places. 


V. The Umptekite Group 


As has been stated previously this group is, quantitatively, the most important 
of the alkali rocks found at the present erosion surface. There is, however, very 
little uniformity governing its development, a wide range of textural and com- 
positional varieties being represented in the area. This inhomogenity has been 
remarked upon by Prof. QuENSEL, who holds that the typical umptekites are 
confined to the outcrops between Hallen, Granby and Eneby i.e. only about one 
sixth of the total “umptekite field”. As a matter of fact, even in these parts, 
there is scarcely an area of more than a couple of hundred square meters 
presenting a homogeneous appearance. 

A selection of character minerals—microcline-perthite, albite and hastingsite 
can be made, but their proportions and textural development are the subject 
of considerable disagreement. 

No new analyses of umptekite being available, the following summarising 
division into a number of main types lacks, alas, the check of chemical examina- 
tion. In order to conform with the features observed in the field, the general 
coarse-grainedness of the rock necessitates a modification of the normal 
deliminations of grain-size terminology. Umptekites of the fine-grained group 
are thus understood to have an average grain diameter of less than 3 mm, 
“normal” rock ranges between 3 and 20 mm while the rest is referred to as 
coarse. As can be inferred from this, the usual size of grain is between 3 and 
20 mm, coarser types however being exceedingly common. 

The fine-grained umptekite of the central parts of the complex is a rock of 
10-20%, dark minerals and, in places where the age relations can be ascertained, 
appears older than the rest of the group. Microscopic and field investigation 
readily reveals most of this rock to possess mineralogical and structural features 
branding it as a relatively well recognizable granulated fenite or altered canadite. 
There is, however, still another type of fine-grained “‘umptekite”’, predominantly 
found in the marginal zones of the massif and thus further considered in the 
next chapter. Anticipating the description given there, it can be said to be 
considerably more salic, and and in part more sodic, than the umptekites proper. 

The medium-grained umptekite is of a number of colour- and compositional 
types. Usually the rock is brown or reddish-brown, pink types being more 
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subordinate and sometimes transitional to fenitised red granite. Green and 
greenish-red patchy, and often fine-grained, rock is found when the margin of 
the complex, or inclusions of country-rock, are approached. The greenish 
coloring is due to an opaque pigmentatior of the feldspars, interstitially present 
and impregnating, partly hydrated, oxides of iron being responsible for the red 
patches. The percentage of dark minerals in the normal umptekite is usually 
about 10 to 15 by weight, more leucocratic varieties of the brown rock commonly 
occurring as a younger facies displaying pegmatitic size of grain. 

As is apparent from the above, there are a number of generations of umptekite; 
these rocks of different age however do not form independent intrusions, but 
occur in the shape of patches and crisscrossing veins. On the whole the tendency 
is for the younger rocks to be more leucocratic and to divide into two groups: 
the one red and quartz-bearing, the other yellowish or greyish-brown and 
quartz-free. As can be deduced from the thin slides available, the first of these 
late elements is comparatively rich in potash, while the second displays a high 
Na/K ratio, relating it to the fine-grained rocks of the border zones. 

Umptekites with as much as 30 and more per cent dark minerals can be found 
in many parts of the massif. These mafic varieties in most cases show so close 
a relationship to occurrences of metabasites and basic plutonics, as to indicate 
a genetic interdependence between the two. This assumption is confirmed by 
an examination of the amphiboles of the dark rock, which not infrequently 
show similarities to types found in the Archean metabasites. The clusters of 
dark minerals frequently occurring in the umptekite often have a similar origin. 
According to QUENSEL (op. cit., p. 150) “these patches are chiefly composed 
of hornblende, biotite, the usual feldspars and sphene, the feldspars in the 
most basic places, however, appearing in considerably reduced quantities... 
These dark basic rocks are however nothing else than accumulations of the 
mafic minerals of the umptekite.”” While this certainly is the case, a closer 
investigation of the dark clusters often proves them to be nothing but re- 
crystallized inclusions of older basic rocks. Perfect transitions from modera- 
tely fenitised metabasites to “dark clusters” can thus be seen at Granby, St. 
Sdderby, Seglinge, etc. etc. 

The exposures in low-lying areas, until recently covered by water, are apt to 
illustrate strikingly the irregularity of the umptekites: weathering here emphasi- 
zes the compositional and textural differences not so easily perceived in the 
glacier-polished outcrops of more weakly weathered localities. 

This review of umptekite types should also include rocks “with large tabular 
perthitic carlsbad-twinned feldspar, showing a subparallel arrangement causing 
a beautiful flow structure in the rock’? (QUENSEL, page 154). In places, as for 
instance at Hallen and SW of Seglinge, these rocks form comparatively extensive 
compact areas and often display clearly intrusive relations toward their surround- 
ings. ‘The structure might thus indeed be a fluidal one. Again in other localities 
the parallel arrangement of the large perthites follows the foliation of incom- 
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pletely altered older rocks, recognizable as fenites, and thus owes its origin to 
the directing influence of preexisting structure. 

The composition of the pegmatitic schlieren, so characteristic of the umptekite 
district, corresponds either to the normal brown variety of the rock, then 
showing a paragenesis of microcline-perthite, antiperthite, hastingsite and 
biotite, or to the two rock types referred to above as younger leucocratic members 
of the umptekite group. The latter two are characteristically abundant in quartz 
and magnetite respectively, the quartz-carrying varieties often also containing 
some pyrite. Zircon is abundant in many of the umptekite-pegmatites and other 
vein rocks found in the umptekites. 

In his paper QUENSEL gives an excellent description of the mineral composi- 
tion of the umptekites. For the sake of completeness, a recapitulation of the main 
features will be given here. As mentioned above, most umptekites are character- 
ised mineralogically by the predominance of hastingsite and alkali feldspar. 
The feldspars, especially those of the centrally situated rock-types considered in 
this chapter, are generally perthitic, microcline-albite intergrowths being by 
far the most common. The non-perthitic feldspar is albite, only very insignifi- 
cant amounts of microcline locally forming interstitial grains. There are also, 
in some marginal and partly fine-grained dike rocks, feldspars showing the 
optical properties and characteristic twinning of anorthoclase, these grains 
successively grading into crypto- and microperthites (or antiperthites) of the 
film-, braid- or string-types. Much of the perthite found in the central umptekite 
is, however, of a rather coarse vein or patch type, this, along with the other 
varieties, being frequently surrounded by broad marginal rims of albite. Inter- 
stitial albite as well as discrete albite grains enclosed in the large perthite crystals 
are of common occurrence. The proportions between potash- and sodium-feldspar 
inside the perthites are highly variable, grading through the whole scale between 
microcline with moderate amounts of albite films, to almost pure sodium feld- 
spar. Grains of very different composition can be found side by side in the same 
slide. 

While a great amount of the perthite seems to have formed by unmixing, the 
distribution of albite gives the impression of a considerable mobility of the 
sodic material in the late stages of umptekite formation, in places actually 
leading to the generation of replacement perthites. This conclusion is also in 
accordance with the appearance of the late sodic veins and dikes to which ref- 
erence has been made above. 

In studying the petrographic relationships of perthite, GaTEs (1953) con- 
cludes that sodic feldspar unmixed from potassic feldspar is in a condition to 
migrate under structural control, to form local accumulations leading to the 
formation of (patch-)perthite. EMMONS (1953) even tentatively suggests that 
concentrations of unmixed sodic feldspar in shear-zones are responsible for 
the formation of the nepheline-syenites of the Wausau, Wisc. area. 

According to GarTeEs, the types of perthite formed are dependent mainly on 
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Analysis No ro. Pinkish umptekite, Seglinge. P. Quensel, op.cit., p. 154-55 
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the concentration of the sodic material. While certainly there is often an inter- 
dependence between perthite-type and the Na-K proportions, the observations 
on Almunge perthites indicates the type to be controlled less by the concentra- 
tion of sodic material than by the behavior and mobility of this material in the 
late stages of umptekite formation. It is also suggested that the bulk of the so- 
dium partaking in the recrystallization of the umptekite minerals is derived less 
by unmixing than by a continuous supply of solutions from an external source, 
which might be a crystallizing highly sodic magma. 

The conditions of unmixing in the supersolvus alkali feldspars in the presence 
of water vapour have been the subject of highly important experimental study 
by ‘TUTTLE and Bowen (1958), who conclude that a dry environment is a 
prerequisite for the existence in nature of fine perthitic intergrowths and homo- 
geneous composite feldspars. 

Considering the irregularity of the umptekites, which is due to the great 
part played by pegmatites, fenitisation and replacement processes, all indicative 
of a richness in volatiles, the frequent occurrence of microperthite must indeed 
be said to be surprising—a feature which the Almunge rocks share with the 
fenites of Alno, Fen, Spitskop and other alkali districts. In principle, however, 
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Fig. 9. Aegirine-augite surrounded by rim of ferrohastingsite. Umptekitic fenite, 550 m SSW 
of Seglinge. 2 nic., 35 x. 


the experimental data are in good agreement with the distribution of the homo- 
geneous mixed alkali feldspars in the Almunge rocks, the canadite hosts of these 
minerals for petrographic and magmatectonic reasons being taken to represent 
a formation milieu considerably poorer in water than that from which the 
umptekites originated. This preliminary report is, however, not the place to 
indulge in a consideration of the details of perthite relationships in the Almunge 
rocks, a problem-complex to which the author hopes to return in a subsequent 
paper. 

The predominant amphibole of the umptekites is a hastingsite very high 
in bivalent iron. This is proved by QUENSEL’s analysis of the mineral, as well as 
by a later one (S. LJUNGGREN 1952) from which the formulas reproduced here 
are calculated: 


Ca,.,Nao7Ko4Fe34¢Mgo3Mno1 Tio. Fep§Aloo[Sig.1. Ah O22] ae 2(OH) (QUENSEL) 
Caz3Nao6Ko4Fe34Mgo.4.Mno1 Tips Fes. [Sig 3A], -Oz2/(OH21Fo.2)] (LJUNGGREN) 


The optical properties are b=Z, 2V,,10-15° (about 10° according to LJUNG- 
GREN) dispersion 9 > vand extinction 35—42°(c \ Y 37°1n LJUNGGREN’s specimen). 
Absorption Y>Z>X, pleochroism X =greenish-yellow, Y =bluish-green, 
Z =bluish-green or green. 

The biotite is of two generations, one of them—occurring in some rocks only 


38 R. GORBATSCHEV 


Table 3. Actual mineral composition of umptekites (vol. %) 
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—earlier or roughly contemporaneous, the other later than the ferrohasting- __ 
site. Both generations are either green or have Z= Y dark brown or brownish- | 
green, X =light yellow. The latter type of pleochroism is, by the way, charac- 
teristic of some of the biotites found in the marginal ‘‘umptekites”’. Both biotite 
varieties further display considerable corrosion by the feldspars, shreds, but also 
small flakes of late formation following the cleavages occurring inside the anti- 
perthite crystals. 

Light apple-green aegirine-diopside (¢ \ Z~ 50°) grading into emerald-green 
aegirine (c \ X 5°, 2V,~70°) is prominent in many umptekites, as for instance 
those occurring by Lake Fladen, S of Granby, NE of Byske, around Ryggesta- 
lund, Sagen etc. Very frequently the pyroxene is intergrown with, or surrounded 
by, rims of hastingsite, the c-axes of the two minerals usually coinciding (Fig. 
g). Except for the case of a few fenites, pegmatites and aplites of late formation, 
the pyroxene is always the older mineral. Small crystals of sphene, along with 
some magnetite and possibly also a little rutile, crowd the interior of most 
hastingsite grains. Sphene is also present in the shape of larger crystals, pleo- 
chroic in hues of reddish brown and occurring either independently or in the 
company of biotite secondary after hastingsite. 

Apatite, calcite, zircon and magnetite are the common accessories, the latter 
two minerals together with some monazite(?) frequently concentrating in 
pegmatitic and other younger veins. 
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Quartz may or may not enter the composition of the umptekites, slightly 
quartziferous types being rather in excess of rocks free of that mineral. 

Molybdenite is a prominent minor constituent of a rather fine-grained rock 
found SE of Lilla Ellringe by the shore of Lake Fladen. 

The actual mineral composition of some umptekite rocks is given in Tab. 2p 
The perthitic feldspar has there been resolved into its components as far as 
practicable by a magnification of 200 x. A comparison between the data thus 
obtained and the mode of the rock as calculated from QuENSEL’s analysis 
proves a satisfactory agreement. 

The texture of the umptekites is either xenomorphic-granular or hypauto- 
morphic-granular depending for type on the proportions between perthites and 
granulated groundmass as well as on the development of the perthites, which 
may or may not be hypautomorphic. Porphyric, porphyroblastic and grano- 
blastic textures are further of common occurrence. 


VI. Fenites and the Border Zones of the Alkali Complex 


1. General statement on the character of the contact zones 


In Chapter III I have already remarked upon the gradual and transitional 
character, of the contact zones of the alkali complex. The rocks found here are 
generally of a medium- to fine-grained granular character and exhibit in part 
strong schistosity running nearly parallel to the general trend of the borders of 
the massif. The dips are vertical or slightly convergent; well developed linear 
structures plunging steeply toward the central parts of the alkaline rock-body 
are also encountered. In the fenites bordering upon this zone of what can be 
called maximal foliation and also in the neighbouring weakly fenitised Archean 
rocks, there are numerous crushing-zones and signs of cataclase, folding and 
plastic deformation, the granites generally behaving as mechanically the least 
rigid members of the country rock, commonly showing “flowage” structures 
around more resistant fractured chunks of e.g. amphibolite and quartzite. 

Inside the alkali complex there is generally no correspondence to this con- 
centric schistosity, the remnants of Svecofennian rocks and the fenites being 
more or less massive, or reverting to their original strikes found outside the 
alkali complex. 

The structural development of the rocks thus creates the impression of a limited 
ring of tectonic disturbance encircling the central parts of the Almunge massif. 

As to the development of the contacts, there seems to be a certain interde- 
pendence between the structural character and the grade of coincidence of 
their directions of strike with those of the surrounding country-rock. Where 
the two are of a similar orientation the different petrographic elements are all 
arranged in subparallel streaks, the contact belt also being rather well-defined, 
and attaining its most striking appearance. The amount of contact “dike-rocks”’ 
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—e.g. the lestivarites and allies—is at its peak, these rocks are here also best 
developed, thus evidently depending for development on the presence of marked 
zones of structural weakness. 

This is the case e.g. along the SW and W sectors of the contact zones, where 
the ring structure also includes the greatest amount of schistose marginal 
canadites treated in Chapter IV. 

Along parts of the N and NE delimitation of the alkali complex and also 5S 
and SE of Oppgarden, where the strikes of the Archzan rocks are markedly 
different from those of the contact belt, dikes of alkali aplites and diffuse zones of 
fenitisation are seen to finger out into the surrounding terrain, evidently 
following the parallel structures of preexisting rock. In the S and SE the bound- 
ary of the alkali rocks is also less conspicuous and rather irregular and is marked 
by a series of dislocations, along which the Archzan rocks retreat stepwise 
eastward to be replaced by umptekite and fenite. This last-mentioned part of 
the contact belt requires, however, much more mapping to elucidate the details _ 
of its structure. 

In all sectors of the border zones so far investigated in detail, there were found 
streaks of crushing and mylonitisation carrying the ring of schistosity practically 
all around the massif, although the site of this ring in places is outside the central 
aureole of fenites (St. Ellringe-Broangen) or overridden and masked by umpte- 
kite formation. 

Regarding the relative age of this structure, the petrographic and tectonic data 
now available indicate a very early origin. Subsequently these areas have re- 
peatedly been the site of tectonic movement and material supply, thus being 
active from the earliest to the latest stage of the formtion of the massif. There 
are e.g. healed streaks of cataclastic deformation, earlier than most of the fe- 
nitisation, and there are also crush-zones younger than the latest rocks reshaped 
or formed by this process or by magmatic intrusion. Similarly, the lestivarite 


dikes can be seen to be of both pre- and postumptekite formation. 
The concentric type of tectonic deformation was finally succeeded by (or 


well outside the massif was possibly partly contemporaneous with the formation 
of) a set of joints radially pointing toward the central parts of the alkali-rock 
body. These joints, mostly of a tension-fracture (ac-) character, are in part 
occupied by hypabyssically textured umptekite (Norrby) or carry veins of 
quartz of post-umptekite and post-fenitisation age (Uddnis int. al.). 


2. Dike-rocks predominantly found in the contact zones 
of the alkali complex 


A. Lestivarites and albitites 


The lestivarites and albitites are fine-grained (0.1-0.3 mm) rocks of a charac- 
teristically leucocratic and, in comparison with the umptekites, sodic composi- 
tion. ‘T'exturally they are xenomorphic-granular with pronouncedly rectilinear 
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Fig. 10. Lestivarite, W of Uddnas. 2 nic., 35 x. 


grain-boundaries, lending them the appearance of a mosaic of either equidi- 
mensional or slightly elongated grains of polygonal albite. The colour is usually 
white or yellow, interstitial films of iron oxides often causing the appearance 
of crimson-red patches and streaks. 

Very sodic albite constitutes between 68 and 98% of the volume, thus 
strongly dominating the mineral composition. It is usually characteristically 
untwinned or develops only a few comparatively broad lamellae of albite 
twins. The rest of the rock is made up of microcline, generally occurring in the 
shape of interstitial serpents or blebs, magnetite, aegirine and sporadic grains 
of apatite, biotite, or chlorite. The magnetite commonly forms large blue-black 
crystals often measuring 5, 10 or more millimetres across, now and then sur- 
rounded by reaction rims of epidote and sphene. 

One variety of rock belonging to this group carries large, partly subautomor- 
phic crystals of microcline or microcline-perthite giving the lestivarite a 
porphyric over-all pattern. These potash-feldspars have usually a size of be- 
tween 1 and 2 cm. There are however instances of perthites as big asa brick, in 
which large units there may occasionally be found inclusions of groundmass 
albite. Besides occurring as single large crystals microcline may also be enriched 
to form discrete veins of a pegmatitic appearance. 

The lestivarites and albitites are generally conspicuously bound to zones 
of mechanical failure, and while predominantly found in the schistose border 
areas of the complex, they also appear inside the central umptekites and cana- 
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Table 4. Actual mineral composition of lestivarites, albitites and 
aplites (vol. %) 


S 
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dites. This applies to the dike described by QUENSEL (op. cit., p. 192) from 
the area between Hallen and Sagen, where about half a dozen exponents of the 
rock-group were located during the present survey (cf. Map, Fig. 2). 

In marginal sectors not falling within the ring of schistosity, and conse- 
quently relatively poor in zones of mechanical failure, the lestivarites mostly 
fail to form coherent streaks, and appear instead in the shape of small winding 
veinlets and diffuse accumulations of fine-grained albite infesting large areas 
of the marginal umptekites and fenite. This is the case e.g. in the woods E and 
N of Ryggestalund in the NE corner of the map, Pl. I. 

Elsewhere, the lestivarites and albitites are of a markedly parallel structure 
often displaying a streaky distribution of white, red and yellow colour. Here 
there are also schlieren of rock rich in biotite, the colour then ranging with the 
content of this mineral from dirty yellow to grey. Microscopic investigation 
proves these dark streaks to be contaminated with recrystallized “rolled-out” 
metabasite and nepheline-syenite, granitic remnants also occurring in compar- 
able positions forming distorted schlieren of sericitized granulated plagioclase 
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and biotite surrounded by rims of large microcline crystals. As the absorption 
of these inclusions proceeds, the plagioclase yields granular albite, the sericitic 
flakes coalesce to form muscovite, the biotite finally altering into iron ore or 
aegirine. 

Analysis No. 11 gives the chemical composition of a white lestivarite found 
in umptekitic fenite (fenitised red granite) S of Lake Fladen. Analysis No. 12 
represents a general sample of streaky lestivarite from a dike surrounded by 
red fenitised granite with inclusions of metabasites. There is abundant evidence 
of contamination of this lestivarite by the contiguous rocks. 


B. Quartz-bearing aplites 


This provisional term was devised to cover a very irregular group of red 
leucocratic aplitic rocks containing various amounts of quartz. Sometimes there 
may be noticeable compositional semblance to the lestivarites, the quartz-rich 
rocks in the overwhelming majority of cases, however, being much richer in 
silica and potash. 'The texture is a typically aplitic one of xenomorphic granular 
small feldspar-grains with suturated boundaries. Recrystallized mortar textures 
were also noticed in some cases. 

The main minerals are microcline, albite or albite-oligoclase, and quartz, 
which occur together with lesser amounts of biotite, chlorite, epidote, ores, 
apatite, zircone, and fluorite. Polysynthetic albite twinning and weak sericitiza- 
tion of the plagioclase are often present. The sum of mafic constituents may also 
include small amounts of aegirine-augite, ferrohastingsite, or riebeckite. When 
these colored minerals are found in dikes cutting the granites outside the zone 
of fenitisation, the alkaline affinities of the aplites are evident enough; in other 
cases it may be rather difficult to decide on the genetic position of the rocks 
which greatly resemble the several generation of Archzan aplites veining the 
granite terrain. Often there are no contacts exposed between the problematic 
aplites and undoubtedly alkaline rocks, the only indication of age then being the 
concentration of the former in the vicinity of the marginal zone of the alkali 
complex. There are cases when even this indirect proof is lacking. A system of 
quartz-bearing aplite dikes at Oppgarden was thus previously supposed to be 
of pre-alkaline age (cf. QUENSEL, p. 137), but the recent discovery of fragments 
of magnetite-porphyric lestivarite inside this rock revealed the contrary. 

Closely associated with the quartz-bearing aplites are pegmatitic rocks of a 
similar composition and characterized by the occurrence of lenses and cores 
of compact cherty-looking quartz, one of these lenses, measuring 3 0.75 m, 
being planted in a dike of schistose nepheline-syenite 5 of Lake Fladen. 


C. Alkali-quartz-syenites and alkali-granites 


With the sole exception of vein-quartz, the alkali-quartz-syenites are the 
youngest rocks of the complex, and form branching irregular dikes and veins 
inside the fenites of the marginal belt, a schistose type of the rock also occurring 
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Analysis No 11. Lestivarite, S. of L. Fladen 
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in dislocation zones e.g. by the farm-buildings of Ryggestalund and in the 
canadites SW of Sagen. The veins of this rock found S of Lake Fladen are, 
however, much less foliated than the surrounding fenites and lestivarites, in- 
dicating an age later than the main phase of tectonic deformation. Incidentally 
the alkali-granite is the only rock of the alkali complex which exhibits distinct 
chilled borders. Its colour is brownish-red to pink, usually shifting on the 
margins to a peculiar brownish-violet tint. The size of grain is about 0.5—1.5 mm, 
the texture xenomorphic-granular, the composition, though showing some 
diversity, is always much more constant than that of the ““quartz-bearing-aplite” 
of the preceding paragraph. Quartz usually amounts to between 10 and 25%, 
coloured components, which include brown biotite, aegirine, riebeckite C= xe 
c\ X 5°) and hastingsitic amphibole comprising an additional 5 to 10 per cent 
of the volume. The main constituents of the rock are moderately perthitic 
microcline and albite, the amount of the potash-feldspar almost always exceeding 
that of the total (granular plus perthite-lamella-) albite. Fluorite, calcite and 
zircon are the normal accessories. 

The total area of the above rock is very small; a microscopically not yet investi- 
gated and genetically unclassified rather similar fine-grained granite appears, 
however, in quantity in the southern parts of the alkali complex. 
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Analysis No 12. Lestivarite, S. of L. Fladen. General sample 
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3. Fenittsation processes 


On the map, PI. I, will be found a division into (moderately fenitised) Archzean 
plutonics and supracrustals, mostly fine-grained marginal umptekitic rock 
(roughly corresponding tc the fenite-gneisses and fenite-migmatites of NORIN 
and GORBATSCHEV 1960), and granitic or quartz-bearing umptekites, all these 
groups being to a very great extent what is covered by the term fenite, viz. 
products of alteration zm situ. ‘These marginal and transitional groups, however, 
also include diffuse streaks, small dikes, and other concentrations of lestivaritic 
and homogeneous umptekitic material, as well as rocks which, although micro- 
scopically seen to be derived by processes of fenitisation, have the bulk composi- 
tion and macroscopic appearance of umptekite. There are no definite boundaries 
separating these ‘‘umptekitic fenites” from “typical umptekites” and it was 
consequently felt that the use on the map of both the terms “‘fenite’” and 
“umptekite’’ would create a misleading impression of the field relations and 
might be taken to imply a genetic division into fenites and nonfenites, undesir- 
able at the present stage of investigation. 

This consideration is further strengthened by the requirements imposed 
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both by the scale of the map and by the necessity of a division of the unhomo- 
geneous marginal rocks into a limited number of types, readily recognizable 
without microscopic examination. 

The alterations effected by the process of fenitisation depend both on the 
composition of the attacked rock, and on its location within the complex. 
Generally speaking there may be said to exist broad aureoles of regional 
fenitisation, and more limited belts of alteration surrounding the lestivarites and 
allied dikes, or occurring along zones of mechanical failure. ‘These two types are 
often superimposed upon each other, their character being further compli- 
cated by the local prominence of dynamic action. Moreover there seem in places 
to have been several successive surges of fenitisation, causing a repeated 
recurrence of similar parageneses. 

Turning first to the belts of alteration surrounding the (schistose) lestivarites, 
these may be said to imply spatially limited, but very intense metasomatism, 
granular albite and aegirine (or occasionally riebeckite) rims around quartz 
being the most prominent newly-formed minerals. This local metasomatism 
along with the alterations characteristic of the belt of schistosity are of a notice- 
ably more sodic character than the fenitisation leading to the formation of the 
umptekites proper. 

Several hundred metres off the borders of the alkali complex there are limited 
zones of mechanical failure and albite formation, forming the forerunners of the 
schistosity belt. On a more regional scale, there is first an accentuation of the 
wavy extinction of quartz, which nearer to the umptekites is followed by the 
granulation of all the minerals of the Archzan rocks, the original quartz and 
feldspar grains here disintegrating into groups of grains still exhibiting sub- 
parallel extinction. 

In the red acid granite S of Lake Fladen, the sector of the contact zone studied 
in greatest detail, the new minerals first to appear are pyroxenes marginally 
replacing the original quartz of the granite. The pyroxene starts with almost 
pure diopside, then gradually alters into aegirine-diopside as the alkali complex 
is approached. Decalcification of plagioclase is also inaugurated at a very early 
stage in the history of fenitisation. This process is naturally not very marked in 
the oligoclase and albite of the red granite. In the basic fragments enclosed in 
this rock there is, however, an intense formation of clinozoisite or calcite. 

Next, and partly coinciding with the formation of pyroxene rims, follows a 
belt of increasing, though usually not very pronounced, plagioclase sericitisation 
and turbidity. This is usually just outside the zone of maximum granulation. 
Simultaneously the pyroxene rims formed around the quartz crystals become 
unstable, and are replaced by ochreous masses of iron oxides, studded with 
small chlorite flakes, and interwoven with calcite. The ochreous material also 
dissipates along intergranular boundaries and cracks, giving each of the disinte- 
grating pyroxenes and amphiboles a macroscopically red aureole of interstitial 
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Fig. 11. Sketch-map of the border zone of the alkali complex W of Uddnis. Legend: 1 = Archean 

supracrustals, 2=amphibolite, diorite, 3 =granodiorite and grey granite, 4=red acid granite, 

5 =schistose nepheline-syenite, 6 =lestivarite and albitite, 7 =schistose fenite, 8 = umptekite and 

umptekitic fenite, 9 =covered ground, SA =alkali-syenite- and alkali-granite-aplites. V =vesu- 
vianite-bearing fenitised amphibolite. 


iron oxides. This process is very similar to the one described by Strauss and 
‘TRUTER (1950) from the Spitskop umptekites. 

At this stage of fenitisation there also appear large crystals of calcite and 
considerable amounts of fluorite, the latter mineral locally accumulating in 
amounts so large as to give the rock a violet colour. New microcline begins to 
form along intergranular boundaries, and also in the cores of sericitised plagio- 
clase, replacing that mineral to form a kind of patch-perthite. There are often 
small rims and blebs of fluorite inside these perthitic crystals. The formation 
of microcline continues through the succeeding stages of fenitisation, the mineral 
becoming increasingly more perthitic, and showing a manifest tendency to 
develop large porphyroblastic grains. The sericitised turbid granular plagioclase 
alters into small grains of fresh albite, albite also forming at the expense of 
quartz, the content of which mineral steadily decreases throughout the whole 
process of fenitisation. The ochreous iron oxides finally recrystallize into biotite, 
forming stellate rosettes emanating from the intergranular boundaries formerly 
lined with ochreous material. 
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Fig. 12. Albitized zone of dislocation in red acid granite. ENE of Lovhagen. 


In the area S of Lake Fladen this stage coincides in places with the appearance 
of the belt of concentric schistosity and lestivaritic rock. Around the latter there 
may be a regeneration of aegirine, and, more seldom, riebeckite from the 
ochreous material or the biotite formed at the expense of the latter. Minute 
scales of a blue amphibole with b= Y, c\ Z=7° and moderate axial angles also 
make a sporadic appearance. This mineral always seems to be pseudomorphic 
after aegirine-diopside and is a crossite according to the classification of 
WINCHELL (1951). The relations between the chemical composition and the 
optics in the riebeckite-glaucophane group are, however, of a complex nature— 
this is amply illustrated by SuNprus’ compilation (1940)—and so no definite 
conclusions can be drawn concerning the exact Fe/Mg ratio of this sodic amphi- 
bole. 

The mostly fine-grained light brownish-yellow rocks of the schistose belt 
(fine-grained marginal umptekites of the Map, PI. 1) mainly consist of untwinned 
or poorly twinned albite, granular microcline, large microcline-albite(-perthite) 
porphyroblasts, sporadic quartz, and aegirine plus biotite in varying proportions 
(cf. Tab. 5). The pleochroic colors of the latter mineral are usually X = yellowish 
green to yellow, Y=Z=deep, often almost opaque, green to reddish-brown 
with a greenish tinge. 

The schistose rocks are usually much more salic than either the massive 
umptekites or most of the massive fenites, a property earlier mentioned by 
QUENSEL (op. cit., p.158). As can be concluded from the chemical and plani- 
metric analyses available a frequent feature of these rocks is their sodic character, 
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Analysis No 13. Dike nordmarkite, Broingen. P. Quensel, Op.Citip2rs9 
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which, together with the granular texture, and the prominence of recrystallized 
crush-zones, relates them to the lestivarite-albitite group of Almunge rocks. 
Genetically the “fine-grained marginal umptekites” are intimate migmatitic 
mixtures of altered Archzan rocks, and material rich in sodium predominantly 
accumulating in zones of mechanical failure. This terrain is traversed by streaks 
and dikes of lestivarite, albitite and homogeneous sodic umptekite, the latter in 
places forming independent veins and dikes (QUENSEL’s nordmarkite veins, 
analysis No. 13). Then there are also the quartz-bearing aplites of the previous 
heading and veins, lenses or schlieren of coarse quartz, occurring together with 
aegirine and ferrohastingsite. Amphibole also fills cracks and healed zones of 
shear. 

Toward the centre of the alkali complex there is in all fenites, schistose or not, 
a gradual increase in the ferrohastingsite content, this mineral replacing all the 
other dark constituents. Simultaneously large crystals of microcline-albite- 
antiperthite or -perthite are seen to take the place of the granular feldspars. 
These porphyroblasts are often arranged to form fans, emanating from a 
common focus and enclose the other minerals of the rock in a poikilitic fashion. 
By a gradual increase in the grain size and the suppression of the granular ground- 
mass and poikilitic granular inclusions, the rock grades into typical umptekite. 
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Fig. 13. Granulated fenitised grey basic granite. Most of the quartz is gone, large sericitized 
andesine crystals are replaced by albite. Uddnis. 2 nic., 35 x. 


i 


Fig. 14. Recrystallized aegirine-augite rim surrounding quartz. Fenitised red granite, S of 
Lake Fladen. 1 nic., 52 x 
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Table 5. Mineral composition (vol. %) of the contact between a fragment of 
schistose nepheline-syenite and fenitised red granite, W of Uddniis 
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Altered : 3 ’ Fenite 2m 
nepheline- cue anbite Fenite off the 
syenite ee oe contact 
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In intermediate and basic rocks, the course of mineral alteration follows some- 
what different paths. Pyroxene rims around quartz are thus considerably less 
prominent or altogether absent. Though these rocks often alter into diopside- 
albite or aegirine-diopside-biotite-albite fenites, the new-formed dark minerals 
here mostly grow at the expense of the biotite and amphibole of the attacked 
rock. The usually ragged and granulated original dark minerals also display very 
gradual alterations of their optic properties, especially the colours of pleochro- 
ism, altering into “bleached” colourless or faintly greenish hornblende (c \ Z= 
16-17°, 2 V, =80-81°) and weakly greyish-brown biotite, the chemical analysis 
of which latter mineral proves a high percentage of Mg (analysis of grey mica, 
Naset, p. 57). This stage of alteration seems to correspond to the early diopside 
formation in the red granites, and is succeeded by a gradual enrichment in 
iron, resulting in the formation of bright emerald-green aegirine-augite, bluish- 
green amphibole and bright-green siderophyllite (analysis p. 57). The granula- 
tion and the alterations of the feldspar proceed much as described above, all 
the rocks eventually becoming more or less typical umptekites. The sequence 
of fenitisation events as described here, is a general mean of the outer contact 
belts, local variations being exceedingly common. ‘Thus some of the zones (e.g. 
ochreous iron-oxides- or pyroxene-) may be very narrow. There may also appear 
extensive epidote- and chlorite-facies rock, vesuvianite and garnet occasionally 
entering the composition of moderately fenitised basic rocks encircled by 
umptekites or fenites of more advanced alteration. In addition granulation, 
coarsening, homogenization and partial or total mobilisation of the fenites are 
‘not uniformly developed, much less rigidly fixed to any definite stage of mineral 
alterations and desilicification. Although a considerable amount of data con- 
cerning fenitisation has been accumulated during the present survey, space and 
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Fig. 15a and b. Porphyroblasts of perthite in granulated fenitised granodiorite at Uddnas. 
2 nic., 25 x. Fig.a: Photo E. Norin. 


the proportions of this preliminary paper prohibit a more detailed discussion 
of the process here, let alone a description of the different key localities made the 
subject of detailed study. 

Chemically the Almunge fenitisation implies and addition of Na, K, Fe and 
probably Al and a corresponding subtraction of Si, Ca and Mg. The formation 
of Mg-rich minerals in the outermost zone of alteration is suggestive of the 
existence of a basic front effect. In the acid granites there can actually be traced 
an absolute enrichment in Mg and possibly also Ca during the early stages of 
fenitisation. Concerning Mg, this seems to be the case also in the transitional 
white nepheline-syenites (cf. analysis No. g) and in small metabasite fragments 
enclosed in the massive umptekite. Regarding the basic granites and the marginal 
metabasites the question is not yet definitely settled, the formation of magnesic 
minerals here possibly being due to a local redistribution of iron. As to the 
behaviour of Si, part of the original quartz must have been consumed in the 
formation of inter alia pyroxene and feldspars, while some moved on into the 
basic rocks and the canadites. Still there was undoubtedly an actual, although 
not very profound, abstraction of this element. The presence of quartz-filled 
cracks and veins, the tendency of this mineral to recrystallize into discrete” 
lenses, clusters and other accumulations, and the absence of any evidence of 
silicification in the surrounding Archean rocks, the latter contrasting to the 
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Fig. 16. Diagram showing the mineral composition of fenitised red granite in a section through 
the belt of fenitisation S of Lake Fladen. 


phenomena described from Umptek (KUPLETsKy 1928, p. 85), indicate an 
early mobilisation and a great mobility of silica as well as a removal of this 
material from the rocks exposed at the present erosion surface. 

Concerning the alkalis there seems to be an early (outer zone of) potash- 
metasomatism, followed by a surge of sodic material. This is inter alia illustrated 
by the data compiled in the diagram Fig. 16, where the volume percentages of 
potash-feldspar, albite-oligoclase and mafic minerals will be found plotted 
against those of quartz in the fenitised red acid granite. The uniform mineral 
composition of this rock in some areas S and SW of Lake Fladen makes it an 
especially suitable object of study in investigating the quantitative aspects of 
fenitisation. In the belt of concentrically schistose rocks this fixed K-Na 
succession is disturbed by the local accumulation of sodic material, the two 
successive surges however often reappearing in fenitised, macroscopically still 
recognizable Archzean rocks found in the more central parts of the complex. 
This, together with quantitative considerations, indicates that the K-surge 
effect in the border zones is at least not exclusively due to an expulsion of 
potassium from the marginal, often sodic, schistose rocks. 

While the above is a compilation and interpretation of the consistent qualita- 
tive effects of fenitisation, any attempt to produce quantitative aspects will 
require a lot of chemical data not available for the time being. ‘This applies also 
to problems imposed by the homogenization of fenites formed from chemically 
different members of the Archean bedrock. 

Of the three analyses of fenites, No. 15 is a granulated “basic granite” (tonalite) 
embedded in lestivaritic felsic sodic rock, No. 14 is macroscopically a fine- to 
mediumgrained slightly porphyric umptekite, its field relations, mineralogical 
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Analysis No 14. Fenitised grey granite, Uddnas 


Dene ee eee ee eee an | 


Weight % | Mol. as Norm Niggli values 
ene ee ee es 
siO, 65.64 109.29 q 8.31 si 270.9 
Anos 0.15 0.19 or 27.05 qz 17.6 
Al,O, 15.76 15.46 ab 50.75 al 38.3 
Fe,O, 0.54 0.34 an 2.56 fm 14.8 
FeO 2.63 3.66 i 88.67 c 10.9 
MnO 0.13 0.18 alk 36.0 
MgO 0.58 1.44 fs 2.86 hy 3.81 k 0.33 
BaO 0.06 0.04. cat 0.95 mg 0.24 
CaO 2.44. 4.35 fs 1.50 f 6.00 
Na,O 6.00 9.68 en 0.497 di 3.88 ti 0.47 
K,O 4.58 4.86 wo 1.89 p 0.12 
BO; 0.07 0.05 zat °.79 CO, 1.19 
CoO, 0.21 0.48 il 0.29 c/fm 0.74. 
F 0.46 2.42 SE 0.48 w 0.15 
Hoe 0.44 ap 0.17 Q PG 
S 6 fr 0.93 iL, 50.1 
ua oe fem 10.35 M 7.9 
—(©sforst 0.19 ae ae Bi aie so 0.03 

Sum: 99.02 i ate 
99.50 a 1,072" 0.44 ¢ 5 
128i Ons 0.12 ———— 
99.46 Us 0.15 
CIPW classification I:5:1:4 or:ab:an Be Os. msee, 


composition as well as the presence of incompletely homogenized dark patches 
characteristic of basic (Uppsala) granite, however, betraying its metasomatic 
origin. Both rocks are from the outcrops between Uddnas and Lake Fladen. 
On the basis of microscopic investigation and analyses of similar rock from 
other parts of the province of Uppland the original chemical composition of the 
“basic granite’? can be given as about: SiO,: 66-69%, Al,O,: 13-16%, MgO: 
2%, FeO +Fe,O,: 5%, CaO: 4%, K,O: 2-3 % and Na,O: 2-3 % by weight. 

Analysis No. 16, finally, gives the composition of the Mg-rich zone in a 
fenitised fragment of supracrustal (?) metabasite found in the umptekite at 
Granby. This is the rock from which the mica rich in Mg (cf. p. 51) has been 
isolated. 


‘The rocks most easily losing their identity during the fenitisation are granites 
and supracrustals of an an approximately granitic composition. Quartzites are 
somewhat less vulnerable, mafic rocks of all kinds (metabasites, theralites etc) 
being, finally, the ones most resistant, which applies both to conditions prevail- 
ing in the marginal belts of the complex and to fragments enclosed in massive 
central umptekite. Dikes and layers of these rocks are often seen to be boudin- 
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Analysis No 15. Fenitised grey granite, Uddnis 


a ae ee ee | 
Weight % | See pgee Norm Niggli values 
ee ee |e a eee 
SiO, 62.90 104.73 q 4.81 S1 229.7 
iQy 0.72 0.90 or 23.43 qz ites) 
ALO? T5324. 14.95 ab 48.55 al 32.8 
Fe,O, 0.54 0.34 an 4.12 fm 24.0 
ee ee 5-94 sal 80.91 a ET) 
MnO 0.09 O.13 alk 20.5 
MgO 1.68 4.17 fs 3-59 hy 5.94 k 0.31 
BaO 0.10 0.07 en 2.35 mg 0.38 
CaO 3.47 6.19 fs 2.78 f 1.62 
Na,O 5.74 9.26 en 1.84 di 9.20 ti 1.97 
K,O 3.97 4.21 wo 4.58 p 0.33 
PO, 0.21 0.15 mt 9.79 CO, 0.04 
co, < 0.02 0.02 il 1.37 c/fm 0.57 
F 0.14 0.74 ee Cees Ww 9.10 
HO 0.71 2p 0.5° Q 39.1 
Se a a fr 0.25 iL, ; 
Sum: 99.79 aoe eS eed eee 5 47.7 
fem 18.07 M 1302 
=O for F 0.06 So eae so ee 
= Sum: 98.98 A a 
99-73 . a 
<105° TiO et a 1.67 
H,O 0.15 AB 
99.69 ye 
; 
CIPW classification II:5:1:4 or:ab:an 30.8 : 63.8: 5.4 
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aged and broken, the fragments behaving like rigid islands in a plastically 
deforming mass of leucocratic rock. Around basic fragments enclosed in granite 
there are often found rims of fine-grained granular albite and microcline, 
texturally and compositionally resembling the rocks described above as lesti- 
varites and albitites (Fig. 17). This feature can be found quite a long way from 
the alkali complex proper in macroscopically intact and microscopically very 
slightly fenitised rock, and evidently represents accumulations of material 
deposited by fenitising solutions impregnating the granite terrain more homo- 
geneously. Reaction rims of a comparable appearance also develop in the 
fenites proper, which may or may not be plastically deformed. Microscopic 
investigation reveals a constant compositional character of these structures, there 
being around the albitised and microcline-impregnated dark rock first a rim of 
microcline, often with interstitial iron oxides, followed by a zone of albite and 
finally, adjoining the granitic fenite, a mafic belt, composed either of aegirine 
or amphibole and lesser amounts of albite (Fig. 19, Tab. 5). 

In the central umptekite area there is either gradual feldspar-impregnation 
or selective mobilisation of feldspar in the basic inclusions, the second process 
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Fig. 17. Alkali-feldspar rims around “indigestible”? amphibolite inclusions in plastically de- 
formed, slightly fenitised granodiorite. S of Oppgarden. Photo Prof. E. Norin. 


Analysis No 16. Fenitised metabasite. Granby 


Mol. numbers 


Weight % ay Norm Niggli values 
siO, 55.01 91.59 or 25.27 ‘Si 148.4 
TO, 1.06 E26 ab 31.20 qz — 35.6 
Al,O, 13.08 12.83 ne 6.65 al 20.8 
Fe,O, 1.49 0.93 eal 6x8 fm 46.9 
FeO 6.06 8.44 c 10.6 
MnO O.11 0.16 fs 2.18] alk Pg) 
MgO 7.46 18.50 en. 4.48 di 13.76 k 0.34 
CaO 3.68 6.56 wo 7-10 mg 0.64 
Na,O 5.47 8.82 fa 34 ol 15.20 ti 22 
K,O 4.28 4.54 fo 9-88 p 0.2 
EOF 0.19 0.13 ac 26) CO, 0.03 
CO, 0.01 0.02 mt 0.93 c/fm 0.23 
HO gaa 0.37 il 2.02 Ww 0.28 
Se aa oe re ce 0.02 Q 26.6 
Sum: 98.27 Aa on - Be: 
HOM 0.16 fem 34.82 M 30.6 
Sum: 97.94 ae 2 
y 0.18 
+H,07' 0.37 #) EroIo 
98.31 Mu 0.52 
CIPW classification II:5:1:4 or:ab:ne 40.0: 49.4: 10.6 


producing a residue rich in biotite or amphibole, the properties of which 
minerals approach those of the biotite and ferrohastingsite found in the umpte- 
kites, 

Comparing the frequency of occurrence of different Archzan rocks inside and 
outside the alkali complex, there is a marked tendency for basic rocks and frag- 
ments and, in a lesser degree, quartz-mica supracrustals to be relatively more 
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Table 6. Chemical analyses of Almunge biotites 


1; Greyish-brown biotite from fenitised amphibolite, Granby. 
2. Green siderophyllite from fenitised supracrustal rock, Uddnis. 


. ae of atoms of analysis 2, corrected for intergrown apatite and calculated on the basis 
of 24 O. 


I 2 3 
SiO, 41.61 32.03 Si | 8 
: .00 
his 0.93 1.08 Al 2.67 
Al,O, 9.93 18.32 
Be,O; 2.30 2.90 Al 0.92] 
FeO 13.07 26.35 Fea 0.36| 
MnO 0.20 0.86 Fe"t B67 
MgO 17.41 1.26 Mn at 3333 
CaO 1.41 2.47 Mg 0.31 
Na,O 0.21 0.47 In @ hig) 
K,O 9.53 8.00 Cammonte 
PAG O.1I 1.32 INE. LEG p OS 
F 123 0.67 K 1.70 
Cl E <0.01 mMGh, 
H,07 0.30 Boe OH 3.68 
iO. 0.10 0.08 F 0.29 ee 
Sum: 98.24 99.13 


prominent in the umptekite area, which bears witness to the selective nature 
of umptekitization. This applies to the macroscopic effect of the colour and 
mineral changes and does not necessarily suggest that the alterations effected 
by fenitisation are less profound in basic and quartzitic rocks. 

Regarding the different kinds of granite, the acid red one is somewhat more 
easily altered than the basic grey type. The apparent difference is, however, 
largely a matter of traceability, the colour of the red rock being the one most 
similar to the reddish-brown of the umptekites. Microscopic investigation too 
reveals that the difference in the behavior of the two main types of granite is 
not a very profound one, and consequently, as this statement is based on labor- 
atory and detailed field evidence, I am not in a position to find any marked 
consistent difference in the development of the margins of the alkali complex, 
when bordering on red and grey granite respectively. As stated above, tectonic 
factors are prominent in determining the detail character of the contact zones. 


VII. Some Chemical Features of the Almunge Rocks 


A compilation of data obtained from the chemical analyses of Almunge rocks 
gives a comprehensive picture of the characteristics and trends of the different 
petrographic groups. As is evident from the diagrams Figs. 21 and 22 the cana- 
dites form a well defined sodic series of, to use NIGGLI’s term, atlantic affinities. 
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Fig. 18. Remains of grey supracrustal rock in schistose sodic fenite. Black dots and rims are 
aegirine. W of Uddnis. 
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Fig. 19. Section through the reaction rim around an inclusion of supracrustal rock (to the 
right) in thoroughly fenitised red granite. S of Lake Fladen. Photo G. Andersson. 
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Table 7. Actual mineral composition of fenitised granites and marginal 


Slightly fenitised red acid granite! 


,umptekites” (vol. %) 


Moderately fenitised red acid gra- 


nite? 

Fenitised red granite, Uddnias 
Fenitised basic granite, Granby 
Fenitised basic granite, Uddnis 
Fenitised basic granite, Grinby 
Fenitised basic granite, Uddnias 
Fenitised basic granite, Uddnias 
Fenitised basic granite, Granby 
Fenitised basic granite, Uddnis 


Fine-grained marginal rock, Uddnias | — 


Fine-grained marginal rock, Uddnas | — 


Fine-grained marginal rock, Uddnas | — 
Fine-grained marginal rock, Uddnis | 0.0 


Fine-grained marginal rock, Uddnis | 0.3 


Fine-grained marginal rock, Uddnas | — 


Fine-grained marginal rock, Uddnias |} — 


Fine-grained marg. rock, Uddnias? | — 
Fine-grained marg. rock, Uddnis?} 0.1 


Dike nordmarkite, Broingen 
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31.1] 29.5] 31.3] 1.8 | 2.7] —| 0.5] 1.0 |0.3/0.1]0.2]0.5|0.2]0.1]0.2] 0.5 
20.6] 36.4 33.1] 1.6 | 2.3] —]| 3.2] 0.7 |0.3]0.210.0/0.5]0.2/0.1]0.6| 0.2 
11.6] 31.3155.5 I.I |0.1] —| —|o0.2]0.2] —]o.o] — 
10.7|22.1|49.5] 1.4 | 1.1] —]10.6 0.8] 1.6]0.3]0.2]0.3|0.2]0.0| 1.2 
5.6] 23.0] 44.8] 3.1 | 7.2] —]| 0.1] 9.8 |0.0}0.9| 1.0] —]o.3]0.1] —| 4.1 
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4.5130.5|53.7] 0.1 | —-| —] 8.5] 0.3 }0.3]0.2]0.0]/0.5]0.0]0.1]0.4] 0.9 
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Viean value for red granites (n=10) with 25-35 % quartz, Uddnis. 
Viean value for red granites (n=8) with 15-25 % quartz, Uddnis. 


Viicrocline-porphyric rock. 


Proceeding from the theralites to the leucocratic canadites there is a steady 
increase in al and alk and a corresponding drop of the c and fm percentages as 
well as the mg value of the rock. As far as the main canadite body is concerned 
these changes are, however, not accompanied by a corresponding increase in the 
k-value, which remains remarkably constant between 0.15 and 0.17. Thinking 
in terms of magmatic differentiation this may imply an evolution by means of 
gravitational separation of the mafic minerals, more precisely of pyroxenes or 
amphiboles compositionally corresponding to hastingsite with an ever increasing 
percentage of iron. The textural relations found in the canadites, as well as 
the trend illustrated in the QLM-diagram (Fig. 20). can also be taken to speak 
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Fig. 20. QLM-diagram of the Almunge rocks. Legend: + =canadite, += dike-, schistose-, 
marginal canadites, x =umptekites, lestivarites, fenites, @ = basic-, O =acid Archean granites, 
0 = Archean amphibolites and basic plutonics. No 1-16 refer to the numbers of analyses published 
in this paper. 17 to 21 are basic granites and gneiss-granites from P. H. Lundegardh 1946 (p. 48 
and 49), 1955 (p. 11) and E. Wiman 1930 (p. 30), 22 =red microcline granite (Lundegardh 1946, 
p. 83), 23 = Vinge microcline granite (Wiman 1930, p. 37), 24 =Arné granite (Wiman 1930, p. 
42), 25 =gabbro (Lundegardh 1955, p. 11), 26 =diorite (Lundegardh 1946, p. 40), 27 = older 
amphibolite (Lundegardh 1946, p. 34), 28 =younger amphibolite (Lundegardh 1946, p. 95). 


in favour of this supposition. This course of evolution, which must, by evidence 
of the age relations revealed in the canadite outcrops, be considered to stem 
from a melanocratic basic rock to more acid salic types, finally entering the 
“thermal valley” of BowEN (1937) (Fig. 24), includes a marked drop in the 
al/alk ratio. The variations of the c/fm quotient are less pronounced, showing 
only a slight tendency of decrease. 

The dike canadites in some respects (e.g. al/alk) exhibit different relations. 
The high k values of these rocks are, however, at least partly due to alterations 
effected by postemplacement processes. This is confirmed by the field relations 
as well as by the chemical composition of the umptekitized specimen represented 
by analysis No. 6. In the QLM-diagram the dike canadites (analyses 5, 6 and 7) 
are seen to occupy an intermediary position between the field of canadite and 
the point (No. 10) representing umptekite. This latter rock is, as will be found 
from the QLM, kz and mgy variation diagrams, somewhat off the line of 
evolution of the canadites. One of the most striking features of the umptekite 
is the high k value, unparallelled in any of the other—whether younger or 
older—analyzed rock-members of the Almunge alkali complex. Indeed the 
umptekite is the only rock potassic in the sense of NIGGLI. 

Analyses 14, 15 and 16 representing fenitised basic granite and metabasite, 
are, as would be expected, intermediary between umptekite and the unaltered 
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Fig. 21. LM-«a-diagram, alk/al ratios, and Niggli variation-diagram of the Almunge rocks. 


counterparts of these rocks. This is evident from the QLM, kz, and mgy 
diagrams, into which the Niggli values of some Archzan rocks found in the 
province of Uppland (pts. 17-28, for legend see fig. 20) have been inserted 
for comparison. 

Considering the abundance of slightly quartziferous umptekite in the 
Almunge complex, the mean composition of this alkali rock group would, 
when plotted in the QLM-diagram probably be represented by a point falling 
into the area between pts. 10 and 14-15, thus demonstrating a nordmarkitic 
character. 

In fact, considering the absence of lenads, the prominence of K,O and the 
scarcity of CaO, it must be said that the Almunge rock does not agree very well 
with the definition of umptekite as given by Ramsay (1894, p. 205) and JOHANN- 
SEN (1938, IV, p. 8-9), or with Ramsay’s (op. cit., p. 205-207) reasons for 
introducing the term. Remembering that Ramsay’s analysis represents the 
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Fig. 22. ka-diagram of the Almunge rocks. Legend as in Fig. 20. 
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Fig. 23. mgy-diagram of the Almunge rocks. Legend as in Fig. 20. 


“sauerster’”” member of the Umptek umptekite and that the analyzed Almunge 
rock is one of the least acid, the difference stated here becomes still more 
apparent. 

Tab. 8 shows the canadites to be considerably richer in water than any—with 
the possible exception of some fenites—of the other Almunge alkali rocks, which 
however, does not necessarily have any bearing on the conditions prevailing 
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Fig. 24. Normative ne,ab,or,q inserted into 
the NaAlSiO,-KAISiO,-SiO, diagram. Sha- 
ded: “thermal valley’? (Bowen 1937). 


NoAISi0, weight per cent KAISiOy, 


during the formation of the alkali complex. Even apart from petrogenetic 
argument and other convincing general considerations compiled e.g. by GILLULY 
(1937), the distribution of water is, in the present case, evidently governed by 
the ease of nepheline hydration, which mineral must be expected to absorb 
water from whatever aqueous solutions of suitable temperature and composition 
existed during the post-magmatic, metasomatic, and other periods of 
evolution. 

Of greater interest is the inverse relationship between carbon dioxide and 
fluorine, evidenced by the data of Tab. 8. Whereas CO, is enriched in the late 
leucocratic canadites—which, by the way, is accompanied by a rise in the oxida- 
tion ratio w (Tab. 8, Col. 4)—,the contents of fluorine is highest in the theralitic 
canadites. There being no fluorite in these rocks, it is tentatively suggested that 
this mode of distribution is due to the early crystallization of apatite and amphi- 
bole, possibly in an environment deficient in water (cf p. 37). Considering this, 
it should be remembered, that the conditions governing the formation of 
amphiboles and, more specially alkaline ones, are no by means fully elucidated. 
Whereas these minerals are generally considered to belong to the hydratogenic 
group, experimental data (BOWEN 1958, p. 92) may indicate exceptions to this 
rule, at least as far as comparatively high-temperatured melts are concerned. 
Also the relative importance of chemical vs. pt- and volatile- control of the 
character of the dark minerals is not as yet firmly established (cf. KENNEDY 
1935): 

There are—which is much to be regretted—no quantitative data concerning 
the amounts of carbon dioxide and fluorine contained in umptekite, both 
fluorite and calcite, however, occurring accessorily in this rock. In comparison 
with the nepheline-syenites the umptekites and lestivarites are strikingly low 
in phosphorus, which element has no prominent part in the process of fenitisa- 
tion either. Another remarkable feature is the scarcity of volatiles in the lesti- 
varite—albitite group of rocks. It is still unsettled whether this is a “primary” 
feature, or whether the volatiles failed to be retained in this type of rock. As 
mentioned before, there is a high content of fluorite in the fenites, which 
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Table 8. Oxidation ratios and volatiles content of Almunge rocks 


Niggli values 


a mock cael oe 
| “Te [|= 

ihe Theralitic canadite 0.89 Hie || aie || 3erig 
2, Theralitic canadite 1.79 Cyn || sei || Thdgle 
8. Theralite (?) 1.48 O27 Ole On 
oF Normal canadite 73 O:304 OLS Or53 
4. Leucocratic canadite 1.16 O.3 7 ale O105.| 10.31 
5s Dike canadite 2.54 Chev |) Kokaiz/h|| exes 
6. Dike canadite, dike margin 17S Chey || Cae) || sencl, 
ob Schistose canadite 0.75 Cpaisy || ping || seach 
9. White transitional syenite | 2.21 oI | Cyekh IP Tehk 
10. Umptekite 0.37 O12 2m | erOrg Tan ers 
13. Dike nordmarkite 0.33 Olle Cue || onek 
12: Lestivarite 0.32 0.55 | 0.05 | 0.60 
Ds Lestivarite 0.15 0.28 | 0.03 |<0.03 
14. Fenitised basic granite 0.44 O:1 5) Onl | 0.00 
15. Fenitised basic granite 0.71 pit) || CRzish || seo 
16. Fenitised metabasite O37; O.285\ 0-2 1 mend. 


observation is amply confirmed by the data of analyses 14 and 15. The hydra- 
tion zone surrounding the umptekite areas is, further, suggestive of the impor- 
tance of water in the process of fenitisation. 


VIII. Discussion 


The evidence collected during the present survey of the Almunge alkali 
complex suggests the probability of at least three phases of nepheline-syenite 
formation, starting with dark theralites, and followed by normal, and finally 
leucocratic cancrinite-nepheline canadites. The age relationship between cana- 
dite and umptekite is of a complex nature ‘and as yet not established in full 
detail (cf. page 31). 

There is however little room for doubt that the canadites have never occupied 
most—or even all—of the alkali complex. Indeed, apart possibly from an area 
in the northern parts of the complex these rocks have not taken up very much 
more terrain than the present area of the nepheline-syenites and some ty- 
pes of sodic umptekite. 

Proof of this statement is to be found in the evidence offered by the distribu- 
tion of the different canadite types, and the configuration of these rocks in a 
set of dikes and sills, some of these not conforming with the macrostructure 
of the umptekites. In addition, remains of comparatively fine-grained trachytoid 
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texture, parallel to the length axes of the respective bodies are found in 
canadite dikes in the S, NE and central parts of the area. This result of the 
investigation is relevant when considering the mode of umptekite formation, as 
the canadite dikes, if magmatic and older than the umptekites, clearly must 
have intruded into some preexisting rock. The distribution and strikes of 
these dikes indicate that they are not casual inclusions brought up by an umpte- 
kite magma. 

While, as becomes apparent from the previous chapters, there is much in 
favour of a several-stages-magmatic-intrusion origin of the canadites, a different 
mode of formation of, at least some of, the nepheline-bearing rocks, implying 
a metasomatic origin of nepheline, cannot be entirely omitted from the discus- 
sion. The course of metabasite fenitisation, as exemplified by analysis No. 16, 
is not in conflict with such an assumption. Notwithstanding the absence of 
actual nepheline in the sodic plagioclase-biotite-aegirine-sphene-ores paragenesis 
of the rock, a slight aggravation of alkalinization as well as a change of mineral 
facies might well be thought to produce the lenad in question. Concerning the 
large canadite bodies, however, the presence of epidote-chlorite facies along the 

‘whole parameter of the white syenites between the amphibole (-perthite) 
parageneses of both umptekite and canadite—in addition to other chemical and 
tectonic considerations—does not warrant a direct parallel with the nephelinisa- 
tion here touched upon. Another process indicated by field and microscopic 
evidence is the alteration of some canadites in the pegmatitic stage. The 
extension and importance of this action has not yet been the subject of systematic 
investigation. 

The mise-en-place relations of the umptekitic group of rocks differ funda- 
mentally from those of the canadites, in that the former are associated with 
extensive migmatites and contain innumerable fragments and ghosts of Archean 
bedrock, thus demonstrating the prominence of absorption and metasomatic 
phenomena. 

This is further confirmed by some field observations related above, the 
selective prominence of intact basic remains inside the complex, as well as 
the existense in some areas of pre-umptekitic macrotectonic features belonging 
here. On the other hand, however, intense brecciation, flow-structures and 
perhaps some mineralogical features, indicate the actual existence of an umpte- 
kite melt or a rock of very low competency. In explaining the formation and 
genesis of this group of rocks, we have thus to reckon on a process comprising 
a double origin, by alteration in situ and magmatic crystallization or at least 
mobility, both leading to the formation of very similar or identical rocks. 

Looking for parallels in other alkali areas, the almost invariable prominence 
of rocks described as umptekites, akerites, pulaskites, nordmarkites or just 
fenites, in the marginal parts of the complexes immediately attracts attention. 
These rocks—most of them very similar to the Almunge umptekites—are 
either explicitly stated to be products of metasomatic alteration, e.g. in the 
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Fen (BROGGER 1920, SAETHER 1957), Spitskop (STRAUss and TRUTER 1950), 
Alné (v. EcKERMANN 1948), Afrikanda etc. (SERGEEV 1959) and Vuorwarvi- 
Pyhakuru (HACKMAN 1925, VOLOTOVSKYA 1958) areas, or are considered to be 
marginal differentiation products with (HO6cBom 1892, Ramsay and HACKMAN 
1894, UssinG 1911) or without (KUPLETSKY 1928, 1937, ELISEEV et al. 1937) 
considerable wall-rock absorption. In addition rocks described as fenites in 
Norra Karr (O. ADAMSSON 1944) are, as is seen from some specimens in the 
possession of the museum of this institute, mineralogically and texturally identical 
with many an “‘umptekite” of the Almunge area. In all these cases—regardless 
of the mode of final crystallization and the agpaitic or miaskitic character of 
the mother rocks—the space relations exigent suggest some kind of nepheline- 
syenite—bedrock interaction. 

As early as 1921 BROGGER (op. cit., p. 387) emphasized the similarity of the 
Almunge umptekites and the Fen fenites, suggesting a similar origin for both. 
This point of view is indeed made highly probable by the results of the present 
investigation. The distribution and orientation of canadite and Archzean rocks 
inside the complex, as well as the type variation of the umptekites make one 
single violent upsurge and still more a prolonged flow of a compact viscose 
umptekite magma utterly improbable, suggesting instead a combination of 
metasomatic processes, migmatization, plastic deformation, intense mobilisa- 
tion and magmatic intrusions. 

In the border zones of the complex, evidence is very strong that the parallel 
structures characteristic of parts of these areas, are not mainly due to violent 
movement in any magma. Proof of this is the marked general fenite character 
of the marginal parts of the complex, a very great part of the schistose rocks 
present certainly being incapable of any magmatic flow. The schistosity 
found here is due, in all probability, to a combination of radial pressure from 
the central parts of the umptekite area, and fault movements along the ‘‘zone 
of maximal schistosity”’ partly affecting very poorly fenitised granites. Whether 
there was any larger amount of telescopic or cauldron subsidence, as is proposed 
for the Pilansberg (SHAND 1928) and the Messum (Korn and MarrtIN 1954) 
areas is still open to discussion (cf. NoRIN and GorBATSCHEV 1960). In any case 
there are no marked discontinuities in the character and strikes of the Archean 
rocks inside and outside the complex (cf p. 39). If the age of the Almunge sye- 
nites, in analogy with the Oslo, Kola, Fen etc. alkali complexes is Paleozoic this 
hypothetical subsidence can, considering the existence in the area of a Sub- 
cambrian peneplain, probably not be thought of as a very large one, as in this 
case it would have brought Paleozoic sediments into the profile of the present 
erosion section. Such rocks are, however, not found in the Almunge area. 

Turning finally to the hypothesis of limestone absorption, the presence of 
vesuvianite and the abundance of cancrinite were previously considered to 
indicate the prominence of this process in the Almunge rocks. New aspects on 
the genesis of vesuvianite have been produced during the present reinvestiga- 
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tion (p. 15); the other Ca-rich minerals found in the area (diopside, epidote, 
garnet) can also be shown to be typical of the zones of fenitisation, viz. transi- 
tional areas between the umptekites and Archean bedrock (granites etc). Conse- 
quently there remain the presence of cancrinite and the comparatively high CaO 
contents in the canaditic rocks. While neither can be considered surprising, 
there is in the petrographic data nothing explicitly to rule out the existence of 
lime absorption. Limestones are indeed exposed 7 km to the south and ro km 
to the east of the alkali area. While none of them are of very great dimensions, 
mostly comprising thin lenses only, the existence of limestone at deeper levels 
bordering on the Almunge complex can consequently not be disproved. 

In considering the influence of limestone absorption, the prominence in the 
area of other Archzan rocks, however, cannot be ignored. Indeed only a 
moderate absorption of the supracrustal rocks, let alone the granite, would be 
sufficient to completely outweigh any desilicification brought about by lime- 
stone inmelting. Considerable amounts of quartzites moreover have the advan- 
tage of factual existence, being present all round and inside the alkali complex. 
Indeed any absorption of a greater amount of country rock would serve not 
only to annihilate the undersaturated character of the canadites, but probably, 
inter alia, also greatly increase the k-value above the 0.15-0.17 of this rock 
group. A similar process may be exactly what happened during the formation 
of the umptekites. Failure to absorb considerable amounts of country-rock thus 
seems to be a prerequisite for the existence of the canadites, if formed out of a 
melt. ' 

As a result the present proposition of the origin of canadite and umptekite 
suggests that the section at present exposed by erosion represents a rather high 
profile through the main mass of the alkaline intrusion, even if this profile is 
deep-seated in relation to any hypothetical volcano at its top. This is supported 
by the general marginal position of umptekitic and similar rocks, by the abund- 
ance of Archzan inclusions and by the dike intrusions character of most 
Almunge canadite bodies. 


Appendix 


In connection with the geophysical investigations now under the leadership 
of Dr. TENGSTROM in progress in the Almunge area, the specific weights of 
some Almunge rocks from the Sagen—Hillen—Upptorp area have been deter- 
mined as follows: 


Mean 
values: 
Theralitic canadite, Upptorp: 2.953 
Theralitic canadite, Skallerbol: 2.85, 2.85, 2.85, 2.83, 2.80 2.84 
Normal canadite: 2.67, 2.63, 2.68, 2.70, 2.68, 2.75 2.69 


White transitional syenite: 2.73, 2.63, 2.67, 2.63, 2.62, 2.66, 2.64, 2.70 2.66 
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Normal umptekite: 2.66, 2.64, 2.63, 2.63, 2.67, 2.68, 2.67, 2.65 2.65 
Basic umptekite: 2.77, 2.73, 2.74 2.75 
Archean metabasite: 2.97 

Uppsala granite, fenitised: 2.77 ore 


- 


Red acid granite: 2.63 
Archean supracrustals: 2.67, 2.76, 2.76, 2.61 
Lestivarites and albitites: 2.62, 2.66 
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